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PREFACE 


At the time that the Bohr theory drew the attention of all 
physicists to the laws governing the structure of' line spectra, 
the only place where the complete results of such study could 
be found was in the “Tubingen Dissertation” of Berthold Dunz. 
This dissertation presented an account of the few spectra in 
which series relations occurred. More general information was 
available in Kayser^s “Handbuch der Spektroskopie” and 
Konen’s “Das Leuchten der Gase und Dampfe,” but the disserta- 
tion of Dunz was the only work which contained all data on 
series spectra analyzed up to 1911. Later, some important 
additions to this were given in the dissertation of Lorenser, also 
made in Tubingen under the direction of Paschen. 

In 1922, A. Fowler^s “Report on Series in Line Spectra” and 
F. Paschen^s and R. Gotze’s “ Seriengesetze der Linienspektren” 
appeared nearly simultaneously. Both works contained little 
more than had been given by Dunz, but the improved material 
was arranged in agreement with the new theoretical conceptions. 
In the work of Dunz, for example, the lines of ionized helium 
had still been mentioned as belonging to hydrogen. While 
spectra classified previously had been of the singlet, doublet, 
or triplet sort, Paschen-Gotze contained the analysis of a totally 
different type, the neon spectrum. Both Paschen-Gotze and 
Fowler presented information on the more complicated spectra, 
0, S, Se, and Mn, although the true multiplet character of these 
had not yet been recognized. 

The appearance of these two books was of the greatest impor- 
tance, showing as they did how incomplete and unsatisfactory 
was the knowledge of the structure of line spectra. Research in 
this direction was greatly stimulated. In 1923, Catalan, working 
in Fowler^s laboratory, analyzed the spectrum of manganese and 
discovered the “multiplets.” At Tubingen the spectrum of 
chromium was analyzed by Gieseler, and the Zeeman effect of 
manganese and chromium was observed by Back and Gieseler. 
This was found to agree completely with the newly developed 
theory of Land<S. Here was the beginning of the modern theory 
of atomic spectra. 
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Much progress has been made since then in the theory as 
well as in the analysis of spectra. Several books and articles 
have appeared presenting surveys of the theory, but little has 
been done to gather the results of the classification of spectra. 
Two books should be mentioned here. First, F. Hund's ^^Linien- 
spektrenund Periodisches System der Elemente '' gives an excellent 
account of the theory up to 1926, and compares the experi- 
mental material then known with the theoretical expectations. 

■ Data on the analysis of spectra are, however, not given in detail, 
except in so far as they were needed for this comparison. The 
second is W. Grotrian^s “Graphische Darstellung der Spektren.” 
Volume II of his work contains energy-level diagrams of spectra 
which, if used with this book, will add much value to the tables 
we have presented. However, the part of Grotrian’s work thus 
far published deals only with one-, two-, and three-electron 
spectra. 

The tables presented here intend to give the numerical values 
of the energy levels of atoms and ions investigated up to the 
present. Energy states arising from the excitation or removal 
of inner electrons which give rise to x-ray lines are not included 
in these tables, since they are given together with a complete 
discussion of the whole field in ^^Spektroskopie der Rontgen- 
strahlen’’ (1931), by M. Siegbahn. Although it took three 
years to make this compilation, we endeavored to keep the 
material up to date and believe it to be complete up to the spring 
of 1931. Considerable work later than this has been included 
largely through the kindness of spectroscopists in giving us 
unpubhshed material. 

The references given in these tables are by no means complete. 
The articles mentioned are only those which contain most of 
the material concerning the classification of the spectra, and it 
is obvious that in some cases, therefore, the authors mentioned 
are not the ones who did the most important pioneer work of the 
analysis.* A supplementary list of references is included which 
gives additional references to later work which appeared while 
these tables were being published. 

During the progress of this work, several unexpected difficulties 
arose. In order to prevent these tables from becoming a useless 
gathering of numbers, we were obliged to examine all available 
data critically. For a large number of spectra, quadratic 

* For a complete bibliography we refer to the article by R. C. Gibbs, 
Reo. Modern Phys., 4, 278 (1932). 
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schemes’^ were made in order to test all observed term combi- 
nations. It soon appeared that the results obtained by different 
authors on the same spectrum were in many cases in con- 
tradiction with each other. Furthermore, it sometimes proved 
to be impossible to decide whose work was correct without going 
into detailed experimental investigations which were, of course, 
beyond our means. In a large number of cases, the energy levels 
found by different authors were the same, but their interpreta- 
tions, notation, and correlation to electron states differed. 
Recent developments of the theory* show that this was to be 
expected. Only in a selected number of special cases is it possible 
to correlate without ambiguity a definite electron configuration 
with a given level, using the notation generally adopted at 
present. In doubtful examples, this correlation is more a matter 
of personal opinion than of physical significance. 

Although we have tried to keep the tables as uniform as pos- 
sible, the above mentioned difiSculties necessarily introduced 
some inconsistencies. Frequently it was necessary that a 
choice be made concerning the construction of a table or the 
notations, and these choices, we know, can only agree in part 
with those of other workers in the field of spectroscopy. But 
such choices, we repeat, are a matter of personal opinion only, 
and preference cannot be based upon physical principles. It 
may even happen that a given spectrum may be treated differ- 
ently in these tables from another spectrum of the same type, 
since we have tried to keep as closely as possible to the original 
work in order to facilitate reference. The ideal method would 
have been to ask the opinion of each author separately, but that 
would have kept the work waiting for another five years at 
least. We did, however, ask the opinion of as many as we could, 
and at this place wish to thank them for their valuable sugges- 
tions. We also wish to ask forgiveness of those authors who 
feel that we have mutilated the results of their investigations too 
greatly. 

These tables have been compiled with material aid from the 
Department of Physics of the University of Michigan. The 
facilities of this department were constantly at our disposal, 
for which we are under deep obligation to Professor H. M. 
Randall. Several colleagues helped us directly in the work. 
Our thanks are first due to Dr. R. A. Fisher, at present at North- 

* E. U. CONPON, Phys. Rev, 36, 1121 (1930). 
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western University, for continuous assistance in the organization 
of these tables. We also wish to thank Dr. I. S. Bowen, Dr. 
R. J. Lang, Dr. 0. Laporte, Dr. J. E. Mack, Dr. W. F. Meggers, 
Dr. R. A. Sawyer, and Dr. A. G. Shenstone for their valuable 
help, and Professor F. Paschen for permission to reprint his 
Rydberg Tables. 

In conclusion, we wish to express the hope that these tables 
may encourage further work in the analysis of spectra. We 
believe they show clearly that comparatively few spectra have 
been investigated satisfactorily. Spectroscopic data are still 
of much importance as a test for the laws of quantum mechanics. 
We are of the opinion that further research along these lines will 
reveal new truths which are essential for progress in the theory 
of matter. 

Robert F. Bacher. 

Samuel Goudsmit. 

Department or Physics, 

University of Michigan, 

September, 1932. 
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ATOMIC ENERGY STATES 


INTRODUCTION* 


1. Energy States. — Each atomic spectral line is connected 
with the transition of an atom or an ion from one quantum state 
or energy level with a definite energy Ei to another one with E 2 > 
The frequency v (in vibrations per second) of the emitted 
spectral line is according to the Bohr frequency relation 





sec.“^ 


( 1 ) 


where h is Planck’s constant. The analysis of the structure of 
a spectrum consists primarily in determining the energy states 
of the given atom or ion from the frequencies of the observed 
spectral lines. The tables in this book are a compilation of 
these energy states. 

2. Units. — The units used for the energy of the quantum 
states in spectroscopic work are such that the difference between 
two states gives at once the wave number, that is the number of 
waves per centimeter (denoted by for the emitted spectral 
line. In these units Eq. (1) becomes 


V 


V ^ El 

c he 



( 2 ) 


where c is the velocity of light. The numbers inserted in these 
tables are thus energies divided by he and have the dimension 
cm."^ The energy states expressed in these units are generally 
called terms and their values term values. For the relations 
between the different units in which energy is expressed, see 
page 556. 

3. Relative and Absolute Term Values. — It follows from Eq. 
(1) that the spectroscopic material gives us only the differences 
between the various energy states. The values in the tables 
are obtained by choosing one of the term values equal to zero. 

* This introduction does not attempt to give a complete theory of the 
structure of spectra but contains only what is necessary to understand the 
spectroscopic notation and the construction of the following tables. 
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In many cases one puts the state with the lowest energy equal 
to zero, in which case the term values of all other states will be 
positive numbers, increasing with the height of excitation. 
Sometimes it happens that in a single spectrum different groups 
of energy levels have been found, but one has not been able to 
determine their relative positions. In such a case one usually 
puts the lowest energy state within each group equal to zero. 
None of these need, however, be actually the lowest state of 
the entire system. 

In other spectra which have been analyzed more completely, 
it is often possible to calculate with great precision the energy 
necessary to remove one electron from the lowest or normal 
state to an infinite distance, the ionization energy. In these 
spectra it is customary to put the energy of the state in which 
this electron is removed completely, the ionization limit, equal 
to zero. The other states of the atom, therefore, have negative 
energies, the normal state having the largest negative energy. 
In the term values for such spectra, however, one always omits 
the minus sign and denotes the term values by positive numbers, 
the largest one for the lowest state. If one electron is excited, the 
term values decrease and converge to the value zero. How- 
ever, it also occurs in many such spectra that two electrons are 
excited at the same time making the total energy of excitation, 
calculated from the lowest state, more than the energy necessary 
to remove one electron entirely. These energy states are higher 
than the ionization limit and are denoted by negative numbers; 
the higher the terms, the larger will be their negative values. 
The term values in spectra where the ionization limit is put 
equal to zero are called absolute term values. 

The tables in this book begin with the lowest state. When 
the term values decrease, one knows that they are absolute, and 
when they increase that they are relative term values. 

4. Odd and Even Terms. — ^The analysis of spectra shows that 
the levels of each spectrum can be divided into two groups, even 
and odd terms. They are distinguished by the fact that transi- 
tions occur only between an odd state and an even one, not 
between two odd or two even states. The reason for these 
names will be explained in Sec. 8. Though this rule concerning 
the transitions is not strictly obeyed, it is always possible, as is 
shown by both theory and experience, to make the division into 
the two groups without any ambiguity. 
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Transitions between two odd or two even terms occur usually 
under the influence of disturbing electric fields, either external 
ones or from neighboring atoms. However, even under nor- 
mal” conditions, such ''forbidden” transitions may occur 
(quadrupole radiation), but they are then very much weaker 
than the non-forbidden transitions involving the same terms. 
Such forbidden Hnes appear prominently in the spectra of 
nebulae.* 

6. J Values. — ^To each one of the energy states corresponds a 
definite value of the angular momentum of the total system of 
electrons. The angular momentum is measured in units h/^ar, 
and its value in these units is denoted by J. For spectra with 
an even number of electrons, J has integer values; for an odd 
number, half-integer values. The values of J can be determined 
by the selection rule that only those transitions occur in which J 
changes by 1, 0, or ~1, with the addition that the transition 
J :=z 0-^J =:0is forbidden. 

The selection rule for J may be violated under the influence 
of magnetic fields strong enough to cause a Zeeman effect splitting 
of the same order as the distance between neighboring levels. 
Under these circumstances, however, it is no longer possible to 
attribute to a given level a definite J value without ambiguity. 
In these tables we shall consider the spectra only without the 
influence of magnetic fields, f 

6. Ambiguity of Further Quantum Numbers. — Of the quantum 
numbers which are used to denote the different energy states, and 
which we shall discuss in the following sections, only the angular 
momentum J has in all general cases a strict physical meaning 
and it can therefore always be determined without ambiguity, 
provided the experimental data are sufficient. It is, further- 
more, always possible to distinguish between odd and even 
levels. One requires from the analysis of a spectrum much more 
than just these properties, since one wishes to have detailed 
information about the configuration of the electrons for each 
one of the energy states. 'Before discussing this in detail we 
want , to stress that such a correlation has in general no strict 

* Compare Sec. 14. 

t The same difficulty which may arise in the presence of a magnetic field 
can also occur in case the hyperfine structure caused by nuclear magnetism 
is sufficiently large, compared to the distance of neighboring levels. Such 
large hyperfine structure will very probably never occur in actual spectra; 
the hyperfine structure of ionized Li comes nearest to such a case. 
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physical meaning, except in a number of simple examples. 
Controversies have occurred concerning the quantum numbers 
of energy states in complicated configurations, the decision of 
which depended entirely on personal opinion and certain pref- 
erences. For instance, considering the intensities of lines 
connected with a level, one might come to a conclusion about 
the electron configuration and its quantum numbers; whereas, if 
one studies the Zeeman effect of the same level, one is led to a 
different result. Theory, in agreement with experience, shows 
that the quantum numbers which one tried to correlate to that 
level are meaningless for such a case. 

7. One Electron. — The quantum numbers which denote the 
energy states for an atom consisting of closed electron groups 
and one single electron are mainly those of that single electron, 
namely, 

n the principal quantum number, related to the size of the 
orbit in the Bohr model. 

I the angular momentum of the orbital motion in quantum 
units hl2T, I can have integer values only. 
s the spin moment of the electron in the same units. For 
every single electron s = |. 

j the resultant angular momentum. It can have the values 
I — ^ and Z + except for Z = 0, where only j | is possible. 
The level with j = I — ^ is practically always below that 
with i “ Z + 

Special symbols are used to denote the value of Z for an electron, 
namely. 


Z=01234567.., 

Symbol spdfghik,.. 

The value of the principal quantum number n is put in front of 
this symbol, thus 


n = 5, Z = 2, symbol 5cZ. 

Sometimes the value of j is put as a subscript to the symbol, 
for example 

5cZij, 5 cZ2j, 3sj, etc. 

The symbols described above are used only to denote the 
individual electron. If one considers the energy level, one uses 
different symbols. This distinction is somewhat misleading in 
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the case of a single electron, where it seems quite unnecessary, 
but it is very useful for more general cases. We shall, therefore, 
discuss these symbols in the following section. 

It must be mentioned that in the case of a one-electron spec- 
trum all quantum numbers can be given without ambiguity, 
provided, of course, that the spectrum is sufficiently known. 

8. Many Electron Configurations. — An electron configuration 
is characterized by the values of the quantum numbers n and I 
for all electrons present. Two configurations differ in at least 
one of the or Vs of the electrons. A configuration is denoted 
by means of the symbols described in Sec. 7. When several 
electrons have the same value for n and Z, their number is denoted 
by an exponent, for instance, 

2p^ 3s 3p 

which means: three electrons with Z = 1, = 2; one with 

Z = 0, ?^ = 3; one with Z = 1, n = 3. One places the electrons 
in order of their n, and for the same n in order of Z. For many 
electrons one usually gives the symbols for only the outermost 
ones, because the innermost groups are not changed in the 
excitation of the energy states. 

When the arithmetical sum of all Z^s of the electrons is even, 
one obtains even energy levels; and, in the other case, odd ones. 
The symbols for odd levels are distinguished by the sign ° at 
the upper right side and the term value printed in italics. 

Each configuration gives rise to a number of energy states; 
thus many energy states belong to the same configuration. One 
of the main problems in the analysis of a spectrum is to determine 
to which electron configuration each term belongs. Recent 
theoretical investigations show that this cannot always be done 
unambiguously. For instance, when nearly all levels arising 
from an odd configuration lie isolated from those of other odd 
configurations, it is practically possible and has also a definite 
meaning to correlate these levels to that configuration. How- 
ever, when the level groups of two odd configurations intermix, 
it no longer has a physical sense to distinguish between the two 
configurations and it is also practically impossible to choose 
without ambiguity the levels which belong to each of the two 
coinciding configurations.* The same, of course, holds for even 
levels, but when the levels of an even configuration overlap with 
*E. U. Condon, Phys. Rev. 86, 1121 (1930). 
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those of an odd one they have no mutual influence on each other 
and are still distinguishable. 

There exist certain special, more or less accidental, cases in 
which the theory shows that two odd or two even levels may come 
close together without perturbing each other. This occurs, for 
example, in one-electron spectra, where the s levels and d levels 
often come close together but are always distinguishable. For 
more general configurations usually only the ones with the 
lowest energy can be distinguished from the others. Those 
with higher energy have their energy levels so mixed up that 
the configurations lose their individuality. 

9. Russell-Saunders Coupling. — In several-electron configura- 
tions, especially those occurring in simpler spectra, the inter- 
actions between the electrons are such that the spin moments 
s of the individual electrons form, together, a definite resultant 
spin moment S and, in the same way, their orbital moments I 
form a resultant orbital moment L. For this kind of interaction, 
the so-called Russell-Saunders coupling,* a special notation is 
used to denote the terms which we shall describe now. 

As the spin for each single electron is s = |, the resultant spin 

CO 

8 for, say, x electrons can have all values up to 2 ^ differing by 
unity. Thus, if a; is even, 8 can be 0, 1, 2, . . . for x odd, 

111 X 

^ “ 2^ ^2^ ^2^ * * * 2* ^ given spectrum contains only states 

with integer or half -integer values of 8. For a given configura- 
tion, the same value of 8 can occur several times by combining 
the s of the individual electrons in different ways. 

The values of the resultant orbital momentum L depend in a 
more complicated way upon the individual I values. For two 
electrons, L is limited by 

1^1 ^ ^ L < li I 2 (3) 

For more electrons, one can obtain the possible values for L by 
first combining two Z’s and then combining each possible resultant 
with the third Z, etc. The value of L is always integral; here 
also the same value can occur many times from different 
combinations. 

* H. N. Russell and F. A. Saunders were the first to find and recognij?e 
such configurations in their important work on the spectra of the alkaline 
earths; Astrophys. Joum, 61, 38 (1925). 
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The total angular momentum J is the resultant of 8 and L, 
and for given values of these quantum numbers is limited by 

IL - iS| < J ^ L + S (4) 

When an atom contains an odd number of electrons / is a half- 
integer, with an even number of electrons it is an integer. 

The following names and symbols are used for energy states 
which can be given definite values of L and S : 

L= 01234567... 

Symbol S P D F 0 H I K . 

S = 0, singlet 
I, doublet 

1, triplet 
quartet 

2, quintet 
Etc. 

The names connected with the various values of S are called* 
the multiplicities. They originate from the fact that for a given 
8 and L there are (28 + 1) possible values for provided one 
chooses L ^ 8, These levels lie together in a group called a 
multiplet. In the symbols for the terms, the multiplicity, that 
is the number (28 + 1) is added as a superscript to the left side 
of the symbol representing L, thus 

"P. 

It must be noted that the multiplicity is always given as (28 + 1), 
even when the number of possible J values, which are added as 
subscripts, is less than (28 + 1). 

For instance, 

means = 1, L = 2. Possible J values 1, 2, 3: symbol for 
the three levels 

means fif = 2|, L = 1. Only three possible J values: 1|, 2|, 
3|; symbols ^Pij, ®P 2 i, ^Paj. 

Such a group of levels which differ only in their values of J (a 
multiplet) shows in an ideal case a simple relation between the 
distances of the levels, the Land6 interval rule. The levels lie 

* One should not confuse the symbols » and S denoting the spin vectors 
with the same letters used for states for which respectively Z or L is zero. 
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in order of their J values, and their separations are proportional 
to the larger J value, for example, 

7jDi 

Separations 2A 3 A 4 A 5 A 

The proportionality factor A is called the separation factor. In 
most actual examples this interval rule is only approximately 
fulfilled. 

When the level with the largest J has the highest energy, A 
is taken positive and one calls the multiplet regular. In the 
opposite case, the multiplet is invertedj and A negative. 

The complete symbol for an energy level in the case of Russell- 
Saunders coupling consists of the configuration symbol and that 
denoting the resultant S, L, and J. 

We shall now give a few examples. 

One electron: Resultant S = s = doublets. 

7p ^Pii means n = 7, Z = L = 1, /S = J — li 

For this simple case the complete notation is somewhat too 
elaborate. 

Two electrons: Configuration Zp 3d, thus h = Ij h = 2^ L 1) 
2, or 3. = 0 or 1. This configuration gives rise to the 

following 12 terms gathered in Table I. 


Table I. — States Abising pbom a p and a d Electron 



The complete symbol for one of them would be 

Zp 3d 

denoting, one electron with n = 3, Z = 1; one electron with 
n = 3, Z = 2; resultant S = 1; resultant L = 2; total resultant 
J = 2. For simple configurations the multiplet with largest 
L and S lies lowest, but no further general rule can be given for 
their positions. 
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Three electrons: Configuration 35 M 4p. The first two* give 
/S' = 0 or 1. Adding the third gives /S = IJ- The value 
\ arises twice, once from adding the spin moment of the third 
electron to the resultant /S' = 0 of the first two, and once com- 
bining it with /S' = 1. 

In a similar way one finds the values 1, 2, and 3 for the resultant 
L. This configuration gives thus 




A complete symbol is, for instance, 

3s 3d 4p ^Pf 

Here a new difficulty arises. Each of the doublets occurs 
twice, and it is necessary to distinguish them in the term symbols. 
We obtained the two sets of doublets by first considering the 
3s and 3d electron and later adding the 4p electron. This often 
occurs in the actual atom in the same way. One considers the 
possible energy states of the ion containing the 3s 3d configura- 
tion, and can tell to which state of this ion the 4p electron has 
been added. To distinguish between the two sets of doublets, 
one must write 


3s 3d CD) 4p and 3s 3d (^D) 4p 

The first symbol denotes that the 4p electron can be thought of 
as being added to the ion when it was in the state with /S' = 1, 
L' = 2; the second, when /S' = 0, L' = 2. In a practical case 
one can decide this by considering the position of the two doub- 
lets. If, for instance, in the ion of this example the state 
is considerably higher than the state, the ^F built on the 
former will lie about the same amount higher as the ^F built 
upon the latter. 

When a configuration contains more than one electron of the 
same n and Z, the Pauli exclusion principle does not allow all 
terms which we predict by combining the quantum vectors to 
be realized. The terms which occur for equivalent electrons 
are assembled in Table II. For details about the Pauli principle 
and its theory we refer to L. Pauling and S. Goudsmit, ^'Struc- 
ture of Line Spectra," Chap. IX. 

10. Limitation of Russell-Saunders Coupling. — As was men- 
tioned above, the Russell-Saunders coupling must be considered 

We use the symbol S only for the total resultant spin of all electrons 
under consideration and use /S" for the spin resultant of a part of the electrons. 
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Table II* 

Equivalent s Electrons 
s ~ 

- IS 


Equivalent p 

Electrons 

pi _ jp 

_ I;S 

IjD 

sp 

pZ _ ip 


2D 


ID 

3p 

p5 _ ip 

pf‘ - 



Equivalent d Electrons 


- 

KD) 



- ^{SDG) 


^(PF) 


~ 

KD) 


^(PDFOH) *(PF) 

d^ - KSGD) 


z(PF) 

KSDFGI) KPDFGH) KD) 

d^ - 

KD) 


KPDFGH) KPP) KSDFGI) KDG) KS) 

I 

I 


^iPF) 

KSDFGI) KPDFGH) KD) 

- 

KD) 


KPDFGH) KPF) 

- i(SGD) 


KPF) 


d^ - 

KD) 



- KS) 





Equivalent / Electrons 


P 

P 

P 

m 

Ksmi) 

KPDFGHIKL) 

3 2 2 3 

HPFH) 

KSDFGI) 



P 

KSDFGHIKLN) 

2 4 4 2 3 2 

KPDFGHIKLM) 

3 2 4 3 4 2 2 

KSDFGI) 


P 

KPDFGHIKLMNO) 

4 5 7 6 7 6 6 3 2 

KSPDFGHIKLM) 

2 3 4 4 3 3 2 

KPFH) 


P 

KSPDFGHIKLMNQ) 

4 648473422 

KPDFGHIKLMNO) 

66079663 8 

KSPDFGHIKL) 

3 2 3 2 2 

KF) 

P 

HSPDFGHIKLMNOQ) 

267 10 10 9976 4 2 

KSPDFGHIKLMN) 

226676633 

KPDFGHI) 

KS) 

P 

KSPDFGHIKLMNQ) 

4 64847342 2 

KPDFGHIKLMNO) 

6 6979603 3 

KSPDFGHIKL) 

8 2 3 2 2 

KF) 

P 

KPDFGHIKLMNO) 

467676682 

KSPDFGHIKLM) 

2 3 4 4 3 3 2 

KPFH) 


/lO 

KSDFGHIKLN) 

2 4 4 2 3 2 

KPDFGHIKLM) 

3 2 4 3 4 2 2 

KSDFGI) 


P^ 

HPDFGHIKL) 

2 2 2 2 

KSDFGI) 



/12 

/I* 

fli 

HSDGI) 

HP) 

HS) 

KPFH) 




* From the tabulation of R. C. Gibbs, D. T. Wilber, and H. E. White, Phys. Rev. 29, 790 
(1927). The sign ° to denote odd terms has been omitted in these tables. 

as a special case of interaction between the electrons. It occurs 
when the electrostatic interaction between the different electrons, 
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which causes the distances between multiplets, is much larger 
than the spin-orbit interactions, producing the separations within 
each multiplet. This will generally hold for atoms having a 
small nuclear charge. But as the spin-orbit interaction increases 
more rapidly with increasing nuclear charge than do the electro- 
static interactions, one must expect deviations from Russell-Saun- 
ders coupling for larger nuclear charges or highly ionized atoms. 
It also occurs that some configurations in an atom show 
Russell-Saunders coupling, and others do not. For example, if 
one considers two electrons, one in a low energy state and the 
other in a highly excited state, the spin-orbit interaction of the 
first may be larger than its interaction with the second one. If 
one now brings the second electron nearer in a less excited state, 
its interaction can become so large as to cause Russell-Saunders 
coupling. In such a case low states will show Russell-Saunders 
coupling; higher ones will not. 

In the energy scheme the deviations from the Russell-Saunders 
coupling will be characterized by deviations from the interval 
rule. The various multiplets of a configuration begin to overlap. 
The Zeeman effect, characterized by the Land6 g values, shows 
deviations from the theoretical expectations for extreme Russell- 
Saunders coupling. As the deviations become larger, there no 
longer exists a definite resultant spin moment S and orbital 
moment L; it becomes impossible to distinguish between the 
different multiplets of the same configuration without ambiguity, 
and the symbols described in the previous section can no longer 
be used, or, if they are used, they are meaningless and misleading. 

The extreme Russell-Saunders coupling is the only one in 
which a comparatively simple notation for the energy states 
gives all required information. This has led many spectro- 
scopists to use the same symbols in cases where they should not 
be used because of too large deviations from Russell-Saunders 
coupling.* This misuse has become so general that it was in 

* One of the worst examples is the treatment of the neon spectnim by 
S. Goxidsmit, Zeiis. f. Physik. 32, 794 (1925). Since then one still uses the 
Russell-Saunders notation for the 8 configurations in this and similar 
spectra, even though this notation is here quite meaningless. In a very 
few selected cases it is possible to determine what would happen to each 
level of a configuration if one could change gradually to extreme Russell- 
Saunders coupling. The configuration is such an example and this 
explains why the use of the Russell-Saunders notations, though being 
meaningless, has not led to any ambiguity in this special case. 

11 
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many cases impossible to remove it from this compilation of term 
tables, without the possibility of causing misunderstanding! 

11. {j, j) Coupling. — Another extreme coupling, which rarely 
occurs, is that in which the spin-orbit interaction for each electron 
is much larger than the interaction between different electrons. 
In this case each electron has its own individual resultant j, and 
the of all electrons combine together to form the resultant J, 
A sjnnbohc designation for this coupling and the Russell-Saunders 
coupling is 

(j, j) Coupling; {h, Si) (h, sa) {h, sa) ■ • • = ■ ■ ) = J 

Russell-Saunders Coupling: 

(Zi, h, h • . . ) (si, S2, S 3 • • . ) “ S) = J 

The grouping of the levels in this coupling is quite different 
from the multiplet grouping. We shall give a simple example 
of two electrons. 

Configuration 3p 3d: ji = | or H, j 2 — 1| or 2^ 

The lowest energy states will be those for which | and 
32 = Ih This case will give rise to two levels, J = 1 and J == 2. 
Supposing the 3cZ electron to have a smaller spin-orbit interaction 
than the 3p electron, one will find next higher the levels for 
which ji = ^ and 32 = 2|. There are again two levels, / = 2 
and 3. Their distance from the former two will be just the 
doublet separation of the 3d electron, if it were alone present. 
Next higher, one finds the levels for which ji = and jz — 
this time four, J = 0, 1, 2, 3. Their distance from the lowest 
group is just the doublet separation of the 3p electron. The 
highest group is the one for which both electrons have their 
highest j value, ji = 1|, 32 = 2|, four levels J = 1, 2, 3, 4. The 
result is presented in Table III. One sees at once that it differs 
considerably from the multiplet structure. 

For equivalent electrons the Pauli principle again excludes a 
number of levels. The ones occurring are given in Table IV. 
They are arranged according to the j values for the individual 
electrons, the lowest group first. 

It would not be difficult to devise a notation for this extreme 
coupling, but it occurs too rarely to be of any use. 

12. Intermediate Coupling. — In most spectra a coupling occurs 
which is neither extreme Russell-Saunders nor extreme {j, j) type. 
No symbols can conveniently be used and all one can do is 

12 
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to number the levels belonging to each configuration. And, in 
cases where one can no longer even distinguish between the 
different configurations, all that can be done is to number all 
levels in some arbitrary way, denote whether they are odd or 
even, and give their J values. 

Table III. — pd Configuration in O', j ) Coupling 


p 

d 

J 

jl = § 

h = 

1 2 


2i 

2 3 

li 

u 

0 12 3 

li 

2i 

12 3 4 


Table IV. — Allowed States for Equivalent Electrons with O’, j) 

Coupling*^ 
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An especially important type of intermediate coupling is the one 
which occurs, for example, in neon. Consider the configuration 
3p 6d. It can happen that the interaction between the two elec- 
trons is smaller than the spin-orbit interaction of the 3p electron, 
but larger than that of the 6d electron. In such a case it is pos- 
sible to ascribe a definite value of j to the 3p electron but not to 
the 6d electron. The addition of the &d electron, when the 3p 
electron is in the 3p state, will give rise to four levels, with 
J = 1, 2, 2 and 3. These levels will be grouped near together. 
They certainly must be closer together than the doublet sepa- 
ration of the p electron, according to our assumption that the 
interaction with the added d electron is smaller than the spin- 
orbit interaction of the p electron. These are the same as in 
the example in Sec. 11, but in that case they were subdivided 
into two groups, one for which the d electron had j — 1^, the 
other for which it had j = 2^. In the same way our previous 
example gave us two more groups of levels when the d electron 
was added to the p electron in its ^Pij state. Here, however, 
these two groups can no longer be distinguished and they overlap 
so as to form one group of eight levels with J values 0, 1, 1, 2, 
2, 3, 3, 4. Thus, the addition of the d electron has simply split 
each of the levels of the p doublet into a number of levels grouped 
together; the distance between the two groups is roughly ec][ual 
to the doublet separation of the p electron alone. 

In a general case one can have an electron added to a multiplet 
state of an ion in such a way that the interaction is weaker than 
the energy difference between the levels of the multiplet of the 
ion. In the above example the multiplet happened to be a 
doublet, and the addition of an electron in a definite state gave 
rise to two groups of energy levels. If the ionic state is a triplet, 
the spectrum will have its energy levels in three groups, their 
distances being approximately those of the triplet separation 
of the ion. 

13. Multiple Series Limits.— It was mentioned in Sec. 3 that 
it is often possible to calculate from spectroscopic data the energy 
necessary to remove one electron entirely. This is done in the 
following way. Consider the configurations which differ only 
in the value of n of one of the electrons. For instance, consider 
the sequence of terms 

3p 3d 1 F 4 ; 3p 4d Wa] Zp 5d , 
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When the coupling is not of the Russell-Saunders type, one 
should choose by preference a level of which the J value occurs 
only once in the configuration. According to the theory and 
in agreement with experience, the energies of such a sequence 
must follow a formula of the following type, the so-called Ryd- 
berg-Ritz formula. 


^ - 


Rhc 

“ a: + 


ny 


( 5 ) 


where B is the Rydberg constant and a and /3 are constants, the 
latter usually being very small. These energies are chosen in 
such a way that forn = oo , that is, when the electron is removed, 
the energy is zero. When a sufficient number of levels in the 
sequence is known, one can determine the constants of the 
formula with great accuracy and obtain the absolute term values. 
In wave numbers and omitting, as usual, the minus sign, the 
formula for the terms becomes 



Such a sequence is called a term series. 

When all sequences under consideration consist of levels built 
upon the same state of the ion, they will all have the same level 
E - 0. In a diagram representing these sequences one will 
actually see them converge to the same series limit, the ionization 
limit. This limit represents the state of the ion on which the 
levels of the series are built and in which the ion will be found 
if one actually removes the electron. In only a few cases, how- 
ever, are all the known levels for a spectrum built upon the same 
state of the ion. Several spectra have series built upon different 
states of the ion and, therefore, converging to several different 
limits.* 

This complication causes difficulties in the use of absolute 
term values. It is necessary to mention the state of the ion 
from which the absolute term values are calculated. This state 
is, in fact, the series limit of only a few of the series of the entire 
spectrum. 

It also follows that an atom has more than one ionizing energy. 
The principal or first ionizing energy is the energy necessary to 

* Compare the example on page 9. 
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remove an electron from the very lowest state of the atom so as 
to obtain the very lowest state of the ion on which it is built. 

14. Selection Rules. — The selection rules are the rules which 
govern the transitions between the different energy levels of an 
atom. These selection rules are valid only under normal 
conditions/’ an expression which is hard to define rigorously. 
One can say approximately that the spectrum must be produced 
by an atomic gas in temperature equilibrium not disturbed by 
external electric or magnetic fields. The pressure may not be 
too high, as it is necessary to avoid mutual disturbance of the 
atoms in the gas; nor may it be too low, for the number of 
collisions must be large enough to keep the equilibrium distribu- 
tion intact. It is perhaps better to understand what is meant 
by ^'normal conditions” by considering under what circumstances 
the various selection rules are violated. 

A metastable level is an energy state from which there is no 
transition possible to any one of the states with lower energy, 
due to the selection rules. The very lowest level of the atom 
is, of course, not considered as a metastable one. The metastable 
levels play a very important r61e in the excitation of spectra. 
Under normal ’conditions an atom in a metastable state will lose 
its energy only in a collision. 

The following are the selection and transition rules: 

1. Transitions occur only between an odd and an even level* 
This selection rule is violated under the influence of disturbing 
electric fields from neighboring atoms or from external sources. 
Another type of violation of this rule occurs in the nebular spec- 
tra where the pressure is so low that collisions practically never 
occur. This causes the accumulation of a large number of 
atoms in metastable states. Under these circumstances the 
probabihty that the atom emits its energy in the form of radiation 
and falls into the lowest state is much larger than that it loses 
its energy in a collision. This is why one observes such forbidden 
spectral lines in nebular spectra.* This important and highly 
interesting explanation of the puzzling nebular spectra waB 
discovered by I. S. Bowen, t to whose articles we refer for further 
details. 


* The radiation involved is quadrupole radiation. If one considers, as 
usual, only dipole radiation, the transition would be strictly forbidden, 
tl. S. Bowen, Astrophys, Journ. 67, 1, (1928). 
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2. Only such transitions occur for which the total angular 
momentum J changes + 1, 0, or — 1. In addition, the transition 
J = 0— >/ = 0is forbidden. This rule is violated by disturbing 
strong magnetic fields and, also, in the case of quadrupole 
radiation in nebular spectra. 

3. Only one electron jumps at a time. This is an approximate 
rule. It is most strictly obeyed when the levels of the configura- 
tions involved in the transition are most isolated from those of 
other configurations which might perturb them (Sec. 6). In 
general, the most important and strongest lines of a spectrum 
are due to such one-electron transitions. 

4. When only one electron jumps, it changes its J by +1 or 
— 1, and its n by an arbitrary amount. This rule is violated 
by disturbing electric fields. For extreme (j, j) coupling one 
can add that the electron changes its j by +1, 0, or — 1. 

5. The resultant S remains unchanged in a transition for 
Russell-Saunders coupling. This is an approximate rule. 
Transitions in which S changes, called inter comhinations, occur 
more strongly the larger the deviations are from Russell-Saunders 
coupling, that is, the larger the multiplet separations are com- 
pared to the distances between multiplets of the same configura- 
tions. Inter combinations between singlets and triplets are 
unknown in helium, weak in magnesium, and they increase in 
intensity as one goes down any column in the Periodic Table. 
In mercury some of them are very strong lines. 

6. The resultant L in RusselUSaunders coupling changes by 
+ 1, 0, —1, by preference. However, larger changes in L are 
not infrequent in complicated spectra. 

7. In complicated spectra the strongest lines will arise from 
transitions hekocen states btdli upon the same state of the ion. This 
is a result of Rule 3, which stated that only one electron changes 
its quantum numbers at a time. 

8. Transitions involving the change of more than one electron 
will especially take place when the levels of neighboring con- 
figurations are near together and perturb each other. Quantum 
mechanical perturbation calculations carried to the first order 
show that up to this order a maximum of three electrons can 
jump. 

9. When three electrons jump they change their n^s arbitrarily, 
one changes its Z by +1 or —1, the others by b and 6, 5 + € 
being even. The most probable values for b and e are 0, +1> 
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and —1. Such a transition, although not at all improbable 
a priori^ has not yet been observed, since it requires the presence 
of a state with three electrons excited. 

10. When two electrons jump, one changes its Z by 6 ±1, the 
other by €, 8 + e being even. The n^s can change arbitrarily. 
The most probable values for 5 and « are + 1, 0, — 1. In extreme 
(i, j) coupling we find that one j changes by +1, 0, —1, the 
other one by 0, ± 1, +2; the latter occurs for the electron of which 
I changes by an even amount. 

16. Intensity Rules. — It is not possible to give intensity rules 
which are generally valid. One can only say that the strongest 
lines will practically always be those which obey the above 
selection and transition rules. Among these lines the ones 
which are transitions between levels with large J values 
will often be stronger than others between levels of the same 
configurations. 

Detailed intensity formulas are known for extreme Russell- 
Saunders and also for (j, j) coupling.* However, the intensities 
are most sensitive to perturbations caused by neighboring levels, 
and large deviations from the formulas often occur even in the 
simplest one-electron spectra, f 

16. Zeeman Effect. — A few words must be said about the 
Zeeman effect, which is an important and powerful aid in the 
analysis of spectra. An external magnetic field causes each 
energy level to be split up into (2/ -|- 1) sublevels. When the 
separation is small compared to the distance from other levels, 
which, in general, can be obtained by taking the field weak 
enough, these sublevels will be equidistant and lie symmetri- 
cally around the original position of the level without field. 
The distance between them is proportional to the field strength 
H. It is measured in Lorentz units, which contain H: 

Lorentz unit = ^r— cm.“^ 

47rmc 

The distance between the sublevels expressed in this unit is 
denoted by g, the Land6 g^-factor, which is characteristic for the 
term under consideration. The gf-factor represents the ratio 
of the magnetic to the mechanical moment of the state, the 

* For the latter see J. Baktlett, Phys. Rev. 35, . 229 (1930). 

t E. Fermi, Zeits. f. Physik. 69, 680 (1930). 
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former expressed in Bohr magnetons, the latter in units, 

TTJMC 

27r 

The Zeeman effect of a spectral line nearly always gives 
immediate information about the J values and g values of initial 
and final term. It thus gives a check on the J values, and one can 
investigate whether one or more lines have the same initial or 
final state.* This explains its usefulness. 

The following formula gives the g values for extreme Russell- 
Saunders coupling. 

^ = 14. + 1) + + 1) - L{L + 1) 

g i-t- 27(7+1) 

They are rather insensitive against deviations from Russell- 
Saunders coupling, f and the measured Zeeman effect, therefore, 
often gives not only the J values but also the values of S and 
L for initial and final state. 

Formulas can also be derived for extreme (j, j) coupling, but 
they are of little use. An important rule for intermediate 
coupling is the g-sum rule. For a given configuration the 
sum of the g values for all levels with a given 7 is always 
independent of the coupling. Thus, one can calculate this sum 
under the assumption of Russell-Saunders coupling and will 
find the same sum value in any intermediate coupling. When 
there is in a configuration only one level with a certain value of 
7, according to this rule its g value will always be the same. 

This rule, however, loses its validity when different configura- 
tions perturb each other, as discussed in Sec. 8. In such a case 
the g sum rule cannot be used to determine which levels belong 
together in one configuration. 

17. H3rperfine Structure. — Many spectral lines, which accord- 
ing to the theory described in the previous sections should be 
single, are known to possess a further structure, called hyperfine 
structure. It was soon recognized that this hyperfine structure 

* It rarely occurs that in the same spectrum two levels have identical 
J and g values. In such a case it will be possible to distinguish between 
them by means of other characteristics. 

tMost g values are between 0.5 and 1.5. This makes it necessary to 
measure them with great accuracy in order to distinguish between values 
close together. However, even rough Zeeman effect measurements are of 
great use to confirm and check a given analysis. 
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had to be ascribed to properties of the atomic nucleus and not 
to the surrounding electrons. At present two diifcrent origins 
of hyperfine structure have been shown to exist. 

a. Isotope Shift — In this case the term values of the spectra 
of different isotopes are slightly displaced from each other. The 
exact cause of this difference is not yet known with certainty. 
The spectra of these isotopes must be considered as arising from 
quite different atoms, each component of the hyperfine-structure 
pattern belonging to a particular isotope. The neon spectrum 
possesses this type of hyperfine structure. 

&. Nuclear Magnetism . — Quite a different type of hyperfine 
structure occurs when the atomic nucleus itself has a mechanical 
and magnetic moment. This causes a hyperfine structure which 
is closely analogous to multiplet structure. The different com- 
ponents of the hyperfine patterns are all produced by the same 
atom. 

The two cases of hyperfine structure can be distinguished by 
means of their Zeeman effect. In Case a, each line of the pattern 
shows its own Zeeman effect which is independent of that of the 
other lines. In Case 6, the Zeeman effect of the different com- 
ponents is not independent; the pattern changes with the 
strength of the applied magnetic field and one observes a so-called 
Paschen-Back effect. At present, spectra are known in which 
the complicated hyperfine structure is due both to isotope effect 
and to nuclear magnetism. Cadmium is an example of this case. 


Table V 


Multiplet Structure Hyperfine Stnicture 


Spin moment S 

Orbital moment L 

Resultant of S and L J 

Magnetic spin moment ... g {S)S 
Magnetic orbital moment, g (L)L 

Resultant magnetic mo- g{J)J 
ment. 


I Nuclear moment 
J Moment of surround injj; oUm*- 
trons 

F Resultant of I and J 
g{I)I Nuclear magnetic monuuit 
g{J)J Magnetic moment of sur- 
rounding electrons 

q{F)P Resultant magnetic rnoniiuit 


The theopr^of hyperfine structure caused by nuclear spin can 
at once be taken from the theory of multiplets. Interval rule, 
intensity formulas, Zeeman effect, selection rules, and all further 
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properties which are derived from the vector model are quite 
alike for both cases. All one must do is to substitute the 
quantities occurring in the theory of hyperfine structure into 
the formulas derived for multiplet structure according to Table V 
on page 20. It is to be remembered that g(S) = 2 and g(L) = 1 ; 
g(J) is given by formula (7). Considering the derivation of g(J) 
and making the substitutions prescribed in Table V, one finds 
the following formula* for g(F): 


g(F) = g(J) 


F{F + 1) + J(J + 1) - /(/ + 1) , 

2F{F + 1) 

^,,, F(F + 1)+ HI + 1) ~ J{J + 1) 
2F{f + i) 


As g{I) seems to be always of the order of 0.001, the second 
term can be neglected. 

The spectrum of bismuth, for which the nuclear moment 
I is 4^, is an interesting example of this type of hyperfine 
structure. 

Formulas have been derived which relate the magnitude of 
the hyperfine structure of different levels of the same atom. 
However, many points concerning nuclear moments and the 
magnitude of hyperfine structure remain still unexplained and 
seem to be in contradiction with the present theory. 


* This example is given to show that one has to look into the derivation 
of a formiila if one wants to apply the substitutions of Table V. If one had 
made the substittitions at once in formula (7) the answer would have been 
incorrect. 
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AI 

18 electrons 


Z = 18 

ls2 2^2 3s2 3p^ ^So 

First ionization potential = 15.69 volts 

The classification given here is largely from the work of 
Meissner. Two sets of tables are given, the first containing only 
the low terms and the second all terms arranged in series. The 
absolute value of all terms is given with respect to the 
of A IL 
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Paschen 

notation 

Configuration 

Symbol 

J 

Term value 

Ipo 

3p« 


0 

127103.8 

1«6 

zp” ePij) 4« 

r 

2 

38907.70 

lS4 


2° 

1 

33300,80 

lS3 

3p»(2Pi) 4.S 

3° 

0 

33067.79 

1«2 


4° 

1 

31711,63 

2pio 

(V'lj) 4p 

1 

1 

23009.42 

2p8 


2 

3 

21648.70 

2p8 


3 1 

2 

21494.13 

2p7 


4 

1 

21024.20 

2p6 


6 

2 

20873.91 

2p6 


6 

0 

20057.17 

2p4 

Sp'ePj) 4p 

7 

1 

19979.76 

2p8 


8 

2 

19821.76 

2p2 


9 

1 

19616.04 

2pi 


10 

0 

18388.83 
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AI 


SERIES {Continued) 


3p^ {^Pi0 mp 


pio 

P9 

Pa 

Pr 

P6 

P6 

m 

ll 

23 

32 

4i 

52 

6o 

4 

23009.42 

21648.70 

21494.13 

21024.20 

20873.91 

20057.17 

5 

10451.43 

10168.70 

10112.12 

9960.10 

9927.84 

9548.47 

6 

6042.60 

5944.94 

5919.48 

5854.19 

6840.46 

6641.13 

7 

3938.95 

3905.65 

3890.65 

3856.43 

3849.73 

3726.30 

8 

2799.70 

2762.38 

2754.70 

2736.10 

2730.41 

2672.00 

9 

2071.83 

2057.31 

2061.60 

2038.79 

2036.53 

1988.81 

10 

1605.92 

1691.58 

1586.42 

1579.91 

1677.61 

1549.49 

11 

1267.17 



1258.13 

1257.66 

1222.38 

12 





999.76 

1009.72 

13 






841.44 


3?*^ (*Pj) mp 


P4 

Ps 

PJ 

Pi 

m 

7i 

8, 

9i 

lOo 

4 

19979.75 

19821.76 

19616.04 

18388.83 

6 

8703.94 

8642.38 

8661.83 

8240.61 

6 

4610.00 

4476.24 

4601.81 

4320.86 

7 

2467.81 

2462.93 

2460.37 

2361.62 

8 

1327.71 

1319.48 

1334.11 

1279.98 

9 




687.23 






3p'-(V,i 



) md 

m 






dft 

dji 

d/ 

d. 

di" 

d,' 

di 

m 

lo° 

2.° 

3s“ 

44° 

5,° 

6»° 

7,” 

8,“ 

3 



10280.8 



14862.0 







12961.6 

4 

8300.40 

8460.07 

8204.80 

8087.81 

7898.09 

7666.00 

— 

7263.70 

5 

0317.30 

0178.63 

0024.06 

0070.38 

4901.29 

4829.28 

4781.81 

4097.22 

0 

3602.00 

3648.01 

— 

3408.28 

3337.04 

3284.60 

3279.03 

3170.03 

7 

2084.77 

2006.00 

2007.07 

2001.09 

2461.97 

2419.00 

2396.30 

2323.11 

8 

1048.02 

1070.62 


1801.62 

1842.03 

1820.18 

1817.83 

1779.06 

9 

10 

11 

12 

1016.41 

1210.82^ 

906.80 

1408.30 

1212.87 


1479.81 

1188.97 

970.99 

810.71 

1409.46 

1440.06 

1480.78 

1104.08 

948.33 
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SERIES (Concluded) 


3p6 (2p^) Ynd 


Sl"'' 

Si" 

Si'" 

Si 

m 

9j° 

102^ 

113 " 

12i® 

3 



12896.4 



11742,3 

4 

6510.60 

6492.46 

6357.99 

6099.53 

6 

$605.97 

3738.54 

3554.04 

3302.90 

6 

1998.09 

2045.03 

1961.50 

1828.46 

7 

1058.32 

1205.00 

1021.95 


8 


522.72 




m 



X 1. 

Y 2i,2 

U 34 ., 

W 44.3 

Z 5^2 

4 

6922.91 

6881.55 



— 

5456.96 

5 

4425.09 

4403.25 

4413.7 

4390.7 

2974.22 

6 

3070.31 

3059.85 

3063.9 

3052.2 

1628.26 

7 

2254.16 

2246.15 

2250.1 

2242.2 


8 

1725.03 

1719.90 

1722.3 

1718.1 


9 

1362.6 

1358,49 

1360.2 



10 

1098.3 
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All 


2 = 18 

17 electrons Is^ 26*^ 2p® 36*^ 3p‘’’ 

First ioniziition potential = 27.72 volts 

The classification of this spectrum has been given for the 
greater part by De Bruin. The position of the lowest state is 
obtained from far ultra-violet data and is therefore not as 
accurately known as the other terms. The lowest state is 
calculated to be 224721 cm.*^’ with respect to of A III. 
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Gonfigurutiori 

Symbol 

J 

'rerm 
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ARGON II 


An 


Configuration 
3s2 (3?) M 

(3P) Zd 

Zp^ (ID) 4s 

(3p) 3^ 

3p^ (3P) 3d 
3p4 (3?) 429 

3p* (3?) 4p 

3p4 (sp) 4p 

3p4 (sp) 4^p 

Zp* (sp) 

3p4 (3P) 4p 

3p* (1^) 4s 
Zp^ (^D) 4p 

3294 (ID) 3d 


Symbol 


2p 







li 



2D 

i-i 


2i 

2p 

3i 


2| 

2D 

1| 


2i 

4po 

2i 


li 


i 

4D« 

3i 


2§ 


li 


i 

2D° 

24 


14 

2po 

4 


14 

4,SfO 

14 

2^0 

4 

2^ 

4 

2po 

24 


34 

ap 

34 


24 


{Continued) 

Term 

value 

144676.50 

145635.41 

144460.74 

144952.29 

145177.94 

148586.64 

148808.99 

149460.24 

150114.13 
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167639.78 
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6.V 
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-225.65 

222.35 
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ARGON II 


All 


{Continued) 


Configuration 

Symbol 

J 
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Av 
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li 
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w 

2| 
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li 
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2i 
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?p 
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i 

174811.07 

3/)^ («P) 5s 

4p 

2i 

181560.62 
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2P 
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24 
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14 
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24 
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24 
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14 
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4 
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All 


ARGON II 


{Continued) 


CJonfiguration 

Symbol 


Term 

value 

Lv 

3s2 (3p) 4d 

2P 
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1§ 
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2i 
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i 
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U 
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-329.00 

3p‘ (IS) 3(i ? 

2JC) 

2| 

195831.11 

-2.07 
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ARGON II AH 

(Concluded) 


Configuration 

Symbol 

y 

Term 

value 


3s2 3p< (‘D) 4d 


ij 

2i 
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if 
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ip 

li 

i 
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3p< (’P) 5(i 

20 


204551.90 


3?)< ('D) 4f/ 

‘AS 

i 
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Ani Z.I8 

16 electrons lg2 2^2 2j5« Ss^ sPa 

Hopfield and Dieke found the ^P - ^p° combination in the far 
^tra-violet. The quintets are taken from a paper by Deb and 
Dutt and seem to be rather uncertain. No intercombinations 

quintets are listed in sepa- 
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.Q Tt-r:,-,, liTr--r-v __ ■'* 


Configuration 
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J 
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Ap 
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A IV 


Z = 18 


15 electrons Is^ 25^^ Zp^ ^Si j® 

Boyce and Compton have identified three resonance lines 
in the far ultra-violet in the spectrum of A IV. 

Reference 
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Configuration 
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J 
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li 
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2i 
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11 

1 

118093 
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Agl 
47 electrons 


Z = 4:7 


Is^ 2s2 2p6 3s2 Sp® is^ ip^ 5s 
First ionization potential = 7.54 volts 

This classification has been taken for the main part from Fowler 
and Paschen-Gotze. 


References 


Fitjioka and Nakamura, Astrophys. Joum. 66, 201 (1927). /, g, h terms 
obtained from Stark effect. 

H. A. Blair, Phys, Bev. 36, 1531 (1930). 


Configuration 
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SILVER I Ag I 

(Concluded) 


Configuration 

Symbol 

/ 

Term 

value 

Av 

4d‘« (i-S) 
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Ag II Z ^ 47 

46 electrons Is^ 2s^ 2p® 3s^ 3p^ 3d^° 4s^ 4^^*^ ^>So 

First ionization potential = 21.9 volts 

The classification of this spectrum has been given for the 
greater part by Shenstone. The lowest state has been located 
by White. The notation used here is similar to that used 
for A I; the multiplet notations are given in the last column. 

The absolute value of the lowest state is 177164 cm.""^ with 
respect to 4d^^D2^ of Ag III. 
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SILVER II 


AgH 


{Concluded) 


Configuration 
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J 
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Z = 13 


A1 I 

13 electrons 2s^ 2p^ 3s^ 3p 

First ionization potential = 5.96 volts 

The classification of this spectrum can be found for the most 
part in Fowler and in Paschen-Gotze. It is of interest to note 
that the doublet separation of the lowest state is unusually 
small compared with higher members of this series. 
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ALUMINUM I 


All 


{Concluded) 


Configuration 
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J 
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A1 II Z = 13 

12 electrons 25^ 2p® 3s^ ^So 

First ionization potential = 18.74 volts 

The classification of this spectrum has been given by Sawyer 
and Paschen. The 3smd^D terms are inverted. Dr. Sawyer 
has kindly communicated the finding of the 3p 4^ and 
terms. The lowest ®P® and terms show a hyperfine structure 
with the following frequency differences: 


3s 4/ 

Av = 0.254 


Av = 0.490 


Av = 0.100 

^ 3 ° 

Av = 0.490 


The first term table contains low series members and irregular 
terms arising from two excited electrons. A complete list of the 
regular terms is given in the series tables. 

References 


F. Paschen, Ann. d. Physik 71, 537 (1923). 

R. A. Sawyer and F. Paschen, Ann. d. Physik 84, 1 (1927). Complete 
term tables, list of classified lines, and few unclassified lines. 


Configuration 

Symbol 

J 

Term 

value 

Ay 

3s2 


0 

151860.4 


3s 3p 

zpo 

0 

114468.4 

61.8 

125.5 



1 

114406.6 



2 

114281.1 

3s 3p 

ipo 

1 

92010.7 


3s 3d 

IjD 

2 

66381.4 


3s 4s 

^8 

1 

60589.2 



42 





ALUMINUM II 


Ain 


{Continued) 


Configuration 
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Term 

value 
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jtBm.Q 

29 3 



2 

46392.7 


3s 4p 

ipo 

1 

44042 


3« id 

^D 

2 

41772.9 


3s 5s 


1 

31770.6 


3s 5s 


0 

30495.2 


3s 4d 

3D 

3 

30380.1 

-0.6 



2 

30379.5 

-0.3 
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Ain 


ALUMINUM II 
{Concluded) 


Configuration 
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J 

Term 
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3s 5d 


3 

19040.7 

-0.2 



2 

19040.5 



1 

— 
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6.9 

3s 5f 

ipo 

3 

18177.0 


3s 5g 


5 

17678.0 ? 
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AIjUMINUM II 


All! 


SERIES 
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5 

31770.6 

30495.2 

6 

19648.0 

19084.0 
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11 

4631.4 

4571.6 
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13 
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4288.0 'i 

4601 ,0 

12 




3868,4 

13 




3281,0 

14 




2808,6 

15 




2426,0 

16 
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1 
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Ain 


ALUMINUM II 


SERIES {Continued) 


Zs md 

m 





3 

66313.6 

56312.5 

56311.6 

66381.4 

4 

30380.1 

30379.5 

30379.2 

41772.9 

5 
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19040.5 
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8 
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9 
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10 
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11 
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3s mf 
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4 
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7 
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8 
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9 
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11 
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12 
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8611.8 
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1760.7 

17 



1718.0? 

1549.8 

18 



1616.9 

1880.7 

19 




1838.8 

20 




1116.8 









ALUMINUM II 


All! 


SERIES {Concluded) 


3s mg 

ni 

=<75 

5 

17678.0 ? 

6 

12271.7 

7 

9011.2 

8 

6895.7 

9 

5445.9 

10 

4409.4 

11 

3642.8 

12 

3060.0 

13 

2607.5 
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Aim 


Z = 13 


11 electrons Is^ 25 ^ 22 ?® 3s 

Ionization potential = 28.31 volts 

The classification of this spectrum has been given by Paschen. 
It is interesting to note that the terms are inverted. 

References 

F. Paschen, Ann. d. Physik 71, 142 (1923). Term table and classified lines. 
E. Ekefors, Zeits. f. Physik 61, 471 (1928). 7s and 7p levels and lines 
additional to Paschen. 


Configuration 

Symbol 

J 

Term value 

Ap 

3s 

2/S 

i 

229454.0 



3p 

2po 

i 

175774.1 

238.0 




H 

1766S6.1 


3d 

W 

2i 

U 

113499.0 

113496.7 

-2.3 


4s 

2/S 

i 

103291.4 



4p 

2po 

i 

85821.7 

80.1 




U 

85741.6 


4d 

W 

2i ' 

63668.7 

-1.2 




u 

63667.5 


4/ 

2po 

2i 

61841.9 

0.3 




3i 

61841.6 


5s 

2/S 

i 

58817.6 



5p 

2po 


51023.5 

39.1 





50984.4 


6d 

2D 

21, U 1 

40578.5 
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ALUMINUM III A1 IH 

{Concluded) 


Configuration 

Symbol 

/ 1 

Perm value 

Au 

5/ 

2^° 

2^ 

3J 

39S78.7 

39578.5 

0.2 



3J,4i 

39526.2 


Qs 


■i 

37980.0 


6p 

2po 

i 

li 

33833.1 

33813.5 

20.6 

6d 

2D 

2i. li 

28079.6 


6/ 


2i,3i 

27m -5 


6(7 


3i, 4i 

27452.7 


6/1 

2//0 

4i, 5 J 

27U0J 


7s 


i 

20549.2 


7p 

apo 

i,ii 



7d 

2D 

2i,ll 

20673.6 


7/ 

2^0 

2i, 3i 

20193.0 


7g 

2(7 

3i,4i 

20171.8 


7h 

apo 

4i,55 

20136.5 


Bd 

2D 

2}. 11 

15712.6 


W 

2po 

2i, *15 

15431.9 


Sg 


35,45 

16443.3 


Bh 

2//0 

45, 55 

15438.2 


9h 

apo 

45,65 

12198.8 
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A1 IV 

10 electrons 


Z = 13 

2s2 2p^ % 

Edl6n and Ericson have identified the pair of resonance lines 
of A1 IV in the far ultra-violet. 


Reference 

B. Edl^in and A. Ericson, Comptes Rendus 190, 116 (1930). 


Configuration 

Symbol 

J 

Term 

value 

3p« 


0 

0 

3p‘ (»Pij) 4s 

Spo 

' 1 

618498 

3p‘ (>Pi)4s 

ipo 

1 

634723 
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A1 V 


Z = 13 


9 electrons Is^ 2s2 2p^ 

By use of the irregular doublet law Edl4n and Ericson have 
found a doublet in the far ultra-violet belonging to the spectrum 
of four-times ionized aluminum. 

Reference 


B. EdliSn and A. Ericson, Comptea Rendus 190, 173 (1930). 


Configuration 

Symbol 

J 

Term value 

2.s2 2p^ 

2p«> 

li 

0 



i 

34^0 

2a 2p^ 


i 

358783 
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A1 VI 


Z = 13 


8 electrons 1^2 2s® ®P 2 

Edl6n and Ericson have found the PP° group in the far ultra- 
violet at about 300 A. 


Reference 


B. Edl]6n and A. Ericson, Comptes Rendus 190, 173 (1930). 
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33 electrons ls^2s^2p^3s^3p'^M^HsHp^*Sn° 

First ionization potential = 10 volts 

The arc spectrum of arsenic has been analyzed recently by 
Meggers and De Bruin and by Rao. Rao has investigated the 
violet and ultra-violet and Meggers the visible and near infra-red. 
They agree only for the and ip^ 5s terms. The other terms 
have been numbered and the source denoted by M or B. The 
classification which they have suggested is given in the last column. 
Unfortunately many terms are based on only one combination. 

References 

A. E. Ruark, F. L. Mohlbr, P. D. Foote, and R. L, Chenault, Bur. 

Stand. Sd. Papers 19, 477 (1924). 

S. L. Malurkar, Proc. Camh. Phil. Soc. 24, 86 (1928). 

J. C. McLennan and A. B. McLay, Proc. Roy. Soc. Can. 21, 75 (1927). 

W. F. MEOGBRa and T. L. db Brtjin, Bur. Stand. Journ. Res. 3, 766 (1929). 

K. R. Rao, Proc, Roy. Soc. A126, 238 (1929). 


Configuration 

Symbol 

J 

Tcnn 

value 

Ai/ Remarks 

4p3 


li 

0.0 


4p’'’ 

tl)0 

li 

lorm.J^o 

322.23 



21 

1091$, 69 


4/j» 

apo 

i 

ism. $6 

461.33 



n 

18640 . r>d 


4p2 (3pj 5 jj 

*P 

i 

60692.72 

916.48 



11 

51609.20 

1287.69 



21 

62896.89 



ap 

1 

53134.44 

1469.79 



11 

54604.23 


CD) ns 

W 

21 

60814.13 

—19.70 



11 

60833.83 



1*^ 

1 

60858.99 

M 4cp^ np ^P 


2° 

11 

6 158$. 56 

M 4?)2 5-p *P 


3 

31 

61961.97 

M 4p2 4d 
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ARSENIC I 
{Concluded) 


As I 


Configuration 


Symbol 

J 

Term 

value 


4 

2i 

62749.91 

/ M 

1 R 

5" 

2i 

62971 . 70 

M 

6“ 

i 

ewss.s4 

M 

70 

H 

62396.86 

M 

8" 

IJ 

6256S.34 

M 

9° 

2i 

63281.83 

M 

10 

li 

63502.62 

/ M 

1 R 

11° 


68643. 9S 

M 

12 

2 

63980.62 

I M 
■ ] R 

13 

4 

64121.22 

M 

14° 

2i 

64168.15 

M 

15° 

§ 

6 mi. 06 

M 

16^ 

li 

64382.68 

M 

17 

2§. 

64341.31 

M 

18 

2i 

64339.3 

R 

19° 


64448.85 

M 

20 

li 2i 

64810.23 

/ M 

1 R 

21 


64840 

M 

22° 


66100.86 

M 

23 


65496.17 

M 

24 

? 

66277.1 

R 

25 

3i 

66297 

M 

26 

i U? 

66482.96 

( M 

1 7? 

27 


66515.7 

R 

28 

H 

66586.24 

1 M 

1 R 

29 

2| 

66720.5 

R 

30 

31 

66780.4 

R 

31 

2| 

67006.62 

M 

32 

2J 

67468.76 

M 

33 

§ 

67919.26 

MR 

34 

li 

68299.73 

RM 

35 

2i 

68401.97 

MR 

36 

li? 

69693.6 

R 

37 

li? 

72119.6 

R 

38 

i 

72513.4 

R 

39 

li 

72773.6 

R 

40° 

? 

73843.96 

M 

41 

iii? 

73628.1 

R 

42 

i li ? 1 

74597.3 

R 


Remarks 


4p2 4d 
4 s 4 p'* 

4p2 5p 4p 

4p2 6p ^Z) 

4332 5p 4£) 
4332 5p 22) 
4332 5p 42) 
4332 4d 43? 
4s 4334 4p 

4p2 5p 4^ 
4p2 4i3 42) 

4s 4334 4p 
4332 4ii 42) 
4332 533 22) 

4p2 5p 2p 

4332 633 2p 

4p2 4ci 42) 
4p2 4i3 42) 
4332 5p 42) 

43326s 2^ 
4 s 433422) 
4332 4d 42) 

4p2 5p 2^ 

4332 4c2 4p 
4332 4 ci 2p 
4332 4 d 2p 
4332 4ci 4p 
4332 4 ii 42) 
4332 4 d 42) 
4332 4d 4p 
4 s 4334 2;Sf 

4p2 4^^ AJ) 

4.p^4.d 4p 
4332 4rf 4p 

4p2 4e3 2p 


4p2 4d 2p 

4332 4 d 2 p 
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As III 


Z = 33 

Is® 2s® 3s® 3p® 3d“ 4s® 4p ®?i 


31 electrons 

First ionization potential = 28.0 volts 

In this spectrum doublets and quartets have been found but 
no intercombinations between them. The absolute value of the 
lowest doublet state is 220221 cm.-® according to Pathabhiramiah 
and Rao. 

References 


R. J. Lang, Phys. Rev. 32, 737 (1928). 

P. Pathabhiramiah and A. S. Rao, Indian Journ. Phys. 3, 441 (1928). 
A. S. Rao and A. L. Nauayan, Zeita.f. Phyaik 67, 865 (1929). 



Symbol 

J 

Term 

Av 

Configuration 

value 

4s“4p 

apo 

i 

0 

2946 



li 

^946 

— 

1 

4,li 

89940 


4if“ Ss 


i 

102604 


4«2 4d 


14 

109782 

356 



24 

110138 

4« 4??* 

ap 

4 

113941 

1487 


14 

115428 

4«2 ryp 

ipo 

4 

127308 

724 


14 

128092 

4:8^ 4J 

apo 

24,34 

150240 


4,s‘2 


4 

158076 


4«2 5d 


14 

161532 

86 



24 

161618 
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As in 


ARSENIC III 
(Concluded) 


Configuration 

Symbol 

J 

Term 
■ value 

Av 

4s2 6p 

ipo 

i 

167925 

302 



li 

168227 

4s* 6/ 


2i,3J 

176803 


4s^ 4^ 



180621 


4s2 6rf 

w 

U 

185212 

31 



2i 

185243 

4.?^ 7p 

ipo 

i 

189370 




li 

189614 


4s2 7d 

w 

li 

196295 

18 



2i 

196313 

452 8s 

2/8 

i 

196979 



Configuration 


Symbol 


J 


Term 

value 


Av 


4s 4p 6s 


ip 


i 

2^ 


0 

1062 

BX95 


1062 

2133 


4s 4p 






22240 

22672 

23465 

24894 


432 

793 

1429 


4s 4p 5p 






26723 


4s 4p 5p 


ip 


i 

2| 


27792 

28529 

29853 


737 

1324 


4s 4p 5d 


4s 5p 5d 


3i 

4i- 


4^714 

434^S 


124 

367 

850 


li 

2 i 


45I;^4 

4^451 

44^4C> 


367 

749 

1283 
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As IV 


2 = 33 


30 electrons W 2s“ 2p^ 3s^ 4s^ % 

The classification of this spectrum has been given by Sawyer 
and Humphreys and is based on observations in the far ultra- 
violet. The normal state has not been found. The absolute 
value of the 4^ 4p ^Po state has been estimated to be 343400 cm."^ 

References 

R. A. Sawyer and C, J. Humphreys, Phys. Rev. 32, 583 (1928). 

K. R. Rao, Nature 123, 244 (1929). 4s 5?) terms. 

P. Queney, Journ, de Phynque 10, 448 (1929). 


Configuration 

Bymbol 

J 

Term 

value 

Av 

4s 4'p 

apo 

0 

1 

2 

0 

im 

sm) 

1150 

2530 


a/> 

0 

1 

2 

104123 

105659 

108585 

1536 

2926 

4s 4d 

W 

1 

134785 

130 

206 



2 

134915 



3 

135121 

4s 5s 


1 

144313 


4s 5p 

3p® 

0 

17 mo 

262 

816 



1 

17 7)052 



2 

170408 
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As V 


^ = 33 


29 electrons Is^ 2s^ 2p^ 4s 

First ionization potential = 62.6 volts 

This spectrum has been classified by Sawyer and Humphreys 
on the basis of ultra-violet observations. The absolute value 
of the lowest state is 505136 cm.~^, and has been obtained by 
extrapolation of values of \/v/R from homologous spectra and 
by series formulas. 

Reference 


E. A. Sawyeb and C. J. Humphreys, Phys, Rev. 32, 583 (1928). 


Configuration 

Symbol 

J 

Term value 

Ap 

4s 


i 

0 


4p 

2po 

i 

97185 

4110 



ij 

101245 

4d 

2D 

li 

236897 ? 

445 



2i 

237342 ? 

5s 


i 

263596 


4/ 

2po 

2i,3i 

331987 
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Aul 


Z = 79 


79 electrons 

W 25^2 2 p« 4dio 4P^ 5s^ 5p«5dio 65 

First ionization potential = 9.2 yolts 

The classification is given according to McLennan and McLay. 
The absolute value of the lowest state is estimated to be 
74461. cm.~^ with respect to the of Au II 

Some of the terms are based upon only a few combinations 
and the assignments cannot be given without ambiguity. The 
multiplet assignments made by McLennan and McLay to the 
levels of the Qs 6p configuration are given in the last 
column. 

McLennan and McLay assign the five highest terms to the 
configuration Qs fid. 

References 

J. C. McLenna.n and A. B. McLay, Proc. Roy. Soc, 112, 95 (1926). 

Y, Fujioka and H. Nakamtjka, Adrophyt^. Journ, 66, 201 (1927). J terms 
extrapolated by means of Stark effect. 

A. S. M. Symons and J, Daley, Froc. London Phya. 41, 432 (1929). 
Zeeman effect. 


Configuration 

Syrnljol 

J 

’’rerni 

value 

C^v 

5r/‘'» iU 

VS 

\ 

0.0 


5fi“ 

H) 

n 

n 

9U>0.3 

21434.8 

-12274.0 


2p«> 

4 

37S58.G 

3816.6 



14 

41 17 h. 3 


69 






All 1 


GOLD I 


{Concluded) 


Configuration 

Symbol 

J 

Term 

value 

Remarks Az/ 

6s 6p 

r 

Bi 

4ms. 0 

ilTTt 


2^ 

Bi 

466S6.7 



3^ 

2i 

46174.5 



4° 

U 

47007.0 



6° 

3i 

61028.4 



6“ 

li 

61281.0 

“P.S 


7" 

2i 

61663.1 



8" 

i 

63208.3 

“Pi 


9“ 

li or 2| 

66106.2 



10" 

li or 2i 

68616.2 



IV 

li or 2i 

61266.4 



12" 

li or 2i 

63712.9 


Sd” 7s 


i 

54484.8 


7p 

apo 

i 

60032.6 




li 

60728.2 

byo . / 

6<i 

2D 

li 

61951.5 

QO A 



2i 

62033.9 


8s 

25 

i 

64742.4 


7d 

2D 

li 

67468.1 




2i 

67510.9 

42.8 

5<P 6s 6d 7 

13 

3i 

67810.8 



14 

2i 

68704.6 



15 

li 

70652.7 



16 

4i 

76731.5 



1 17 

4i 

76829.2 
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Au II 


Z = 79 


78 electrons 

U- 28- 22?« 3p« 45^ 4pS 4f ^ 5s^ 5p» 


The classification has been given by McLennan and McLay. 
The normal state, VSo, has not been found. The absolute 
value of the Is, C'^-Os) can be estimated to be 154000 cm.”“^ 
with respect to the 5d^ '^^02^ of Au III. Since the Russell- 
Saunders coupling does not hold for Au II, the terms have been 
numbered and the probable niultiplet notation assigned by 
McLennan is given in the last column. 

References 


J. C. McLennan and A. B. McLay, Ptoc. Roy. Soc. Can. 22, 103 (1028). 
J. E. Mack, /%k. Reu. 34, 17 (1920). 


Configuration 

Symbol 

J 

T(*rni 

value 

Keniarks 

5(1" ("IhO Oh 

1 

3 

0.0 



2 

2 

2601 .5 

W 

5d» (*/),)) Oh 

3 

1 

12726.7 

H) 

4 

2 

145S2.0 

H) 

5d"(^D) Op 

r 

2 

/iSOlJi.,5 

Ipo 


20 

3 

4900^.2 



r 

4 

r>74r>r, .7 

zpo 


4” 

2 

miSS.H 

ZJ)0 


5” 

1 

rmm .5 

Zpo 


6’^ 

3 

59752.1 

ZJ)0 


7" 

2 

61520 .5 



H" 

1 

69620.2 

\po 


r 

0 

67 57 If. .5 

zpo 


10" 

3 

70660.8 



ir 

1 

70666.0 

zjyo 


12" 

2 

71529.0 


Sd» 7» 

1 

3 

93131 .5 


2 

2 

93589.8 

«i> 
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Aun 


GOLD II 


(Concluded) 


Configuration 

Symbol 

J 

Tenn 

value 

Remarks 

Sd« 7s 

3 

1 

105781.2 

3Z) 

4 

2 

106077.0 


Bdo (“D) 6d 

1 

1 

101008.8 

hS 


2 

4 

101904.8 

•’»(? 

1 

3 

6 

101952.2 



4 

2 

102023.9 

zp 


5 

1 

102256.4 

zp 


6 

3 

102470.4 

3D 


7 

3 

102941.8 



8 

2 

102988.0 

3D 


9 

4 

103126.6 

3F 


10 

0 

103212.6 
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Z = 5 


BI 

5 electrons 2s^ 2p 

First ionization potential == 8.28 volts 

The classification of this spectrum has been made by Bowen 
and by Sawyer. The absolute value of the lowest term, 2p 
is given by Sawyer as 67082 cm.“h 

References 


R. A. Sawyer, Nalurwiss, 16, 7G5 (1927). 

I. S. Bowen, Phya. Rev. 29, 231 (1927). 

F. R. Smith and R. A. Sawyer, Journ. Opt. Soc. 14, 287 (1927). 


Configuration 

Symbol 

J 

Term 

value 

2s2 2p 

apo 

i 

0 



H 

15 

3s 


i 

40039 

2s 2p2 


li. 2i 

47856 

2s2 3d 

2D 

ti,2i- 

54767 

4s 


i 

55007 

4d 

w 

H, 2i 

59998 

5d 

2D 

li, 2i 

62488 
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BII 


Z ^ 5 


4 electrons 2s^ ^So 

First ionization potential = 25.0 volts 

These terms were originally taken from unpublished work of 
Bowen. They have been considerably extended from unpub- 
lished work of Edl6n. The absolute values of the singlets, 
although given in the tables, are not as well founded as the trip- 
lets. Intercombinations have not been observed. 

References 



I. S. Bowen and R. A. Millikan, PAys. Rev. 26, 310 (1925) 
I. S. Bowen, unpublished material. 

B. Edl^in, unpublished material. 
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BORON II B II 

{Concluded) 


Configuration 

Symbol 

/ 

Term 

value 

Lv 

2s 2'p 

'Ap° 

0 

16Sr061 .4 

6.4 

16.4 



1 

W5/}/j/).0 



2 

160438 M 


zp 

0 

103984.7 

8.4 

14.0 



1 

103976.3 



2 

103962.3 

2s Zs 


1 

73122.1 


26' Zp 

3po 

0, 1 

rnoox) 

3.7 



2 

S88m,3 

2s Z(l 


1,2, 3 

52246.0 


2s 4s 

hS 

1 

36545.3 


2s 4p 

apo 

0, 1,2 

smo.s 


2s Ad 


1, 2, 3 

28817. 1 


2s 4f 

apo 

2, 3, 4 

mm. 4 


2s r)s 

hS 

1 

21993.2 


2;; Ik 

apo 

0 

SWf /L 8 

9.8 

20.9 



1 

i^WfO.O 



2 

2im8.1 

2s 5/; 

apo 

0, 1,2 

imn.8 


2s t)(i 

ap 

1, 2, 3 

18256.6 


2s n/ 

apo 

2, 3, 4 

17688.8 


2s 6/ 

apo 

2, 3, 4 

m’MiX) 


2p M 

apo 

1, 2, 3 

UK), 4 
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B III 


Z - 5 


:i elo<itron*s la- 2s ->Sj 

First ioniKation potential = 37.75 volts 

These terms are from unpublished material of B. Edl^n and 
contain several new high-series members. 

References 

f, S. Bowhjn and 11. A. MmiiiKAN, Proc. Nat. Acad. Sci. 10, 190 (1924). 

F, R. Hmith and R. A. Haw visit, Journ. Opt. 8oc. Am. 14, 287 (1927). 

A. Eitiesfm and H. Fi>n:6N, Zviis. f. Physik 69 , (>56 (1929), Far ultra-violet. 

B, Enni&N, niipuhlisluKl luaterial. 


Configuration 

Syn»V)ol 

J 

T(>rin 

value 

Ap 

2h 


i 

305931 . 1 


2p 

tpo 

i 

li 

linrmis.r) 

34.1 

3a 

hs 

i 

125734.0 



*tpo 

1 

•J 

li 

112081.0 
112071 . 7 

10.2 

i 3d 

H) 

IJ, 21 

109801.0 


4« 

hS 

a 

08235.6 


4/> 

^po 

•5, U 

as 100,1 


4d 

w 

11, 2.1 

61794.7 


if 


21, 31 

01731,9 


6« 


1 

42774.9 


6p 

, 


1, 11 

40212.1 



06 





BORON III 


B ni 


(Concluded) 


Configuratioa 

Symbol 

J 

Term 

value 


5d 

22> 

1 2i 

39541 .8 


5/ 

2po 

H, 3 J 

396 m. 6 


5ff 


3 -1, 4 -i 

39505.9 


6/ 


2i, 3i 

i^rui 4 


6(7 


31, 41 

27435.6 
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B IV 


= 5 


2 electrons Is^ ^Sq 

Ionization potential = 258,1 ±0.2 volts 

E(il6n located two singlet combinations in this spectrum. He 
found the absolute value of the lowest state to be 2091500 ± 
1400 cm."^ by extrapolating from other helium-like spectra. 

Reference 

B. E-DJsiiN, Nature 127, 405 (1931). 


Configuration Symbol 

J Term value 

1«2 liSf 

. 

0 0 

Is 2p 

1 lessBoo 

Is 3p ip° 

1 1898100 




■B V 


Z = 5 


1 electron Is 

Ionization potential = 338.5 volts 

For a more detailed discussion compare H 1. The terms 
of this spectrum are given by 

E(n, l,j) ^ Rb X 25 5.822 X 625 / 3 ]_\ 

he w’ \4n j + 


where 


Rh — 


R 


= 109731.4 


(' k) . 

The first line of the Lyman series has been found by Edl6n. 


Reference 

B. EDLfjN, Nature 127, 40.') (1931). 
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Bii I Z = 5Q 

86 electrons 1 k“ 2«® 2p'> 3rf"’ 4.v'^ 4p“ 4rf'" 5s“ 5?/ 'So 

First, ionization potential = 5.19 volts 

These terms are taken from Paschen-Gotze, Fowler, and the 
work of Itnssnll and Saunders. 

The absolute values of all terms arc given with respect to 6s "Sj 
of Ha II. The fii’st. table contains all levels, t.he other tables 
only those based upon 0.s‘ of Ba II. The older notation used 
by Hussell and Sauntlers is given in the first column. 

References 


II. N. Huhskh. and K. A. SAtfNDKus, Adroplij^.s. Journ. 61, 38 (1925). 
Vu Wkntsikl, Phpsik 34, 730 (1925). 




Sytulxd 

./ 

Twin valu<‘ 

Av 

US 

(i.s» 


0 

4202!), 4 


hi, 

hi, 

hi, 

i)H 6d 

n> 

1 

2 

3 

32905. (> 
32814.1 
32433.0 

181.6 

381.1 

t!> 

iU l^l 


2 

30(>34 . 1 


i/ij 

>/'< 

i\s i\p 

:ip« 

0 

1 

2 

iJ!)7Ui,i} 

dimjd.s 

dsr,i4.s 

370.6 

878.0 

IP 

ils i\p 

,y,o 

1 

dium.d 


Vo 




2()VJ4J} 


If," 

>/»" 

if," 

5f/ iVp 


2 

3 

4 

. s 

loasdA 
1^372 Jf 

882.7 

709.6 

X 




181)33 . 2 


Ip,' 

Ip.' 

ip,' 


«/> 

0 i 

1 

2 

18820.3 

18549.3 
181 10.5 

271.0 

438.8 
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BARIUM I 


Bal 


(Contimied) 



Configuration 

Symbol 

J 

Term value 

Lv 

w 

— 

3“ 

2 or 3 

18457.5 


54 

— 

4 

1 

18032.0 


Ids' 

5d 6p 

2JJO 

1 

17837.6 

339.5 

448.3 

Ida' 



2 

17498.1 

Idi' 



3 

17049.8 

ij>»" 

5d 6p 

apo 

0 

16387.5 

62.0 

252.4 

1P2" 



1 

163iB5.5 

Ipi" 



2 

16073.1 

2iSf 

6i{ 7s 


0 

16399.4 


l5 

6s 7s 


1 

15869.3 


Y 

— 

5° 

2 or 3 

15213.4 


2D 

6s 

U) 

2 

13800.4 



— 

6 

3 ? 

13475.2 


2d, 

6s ()^i 

W 

1 

11333.9 

54.9 

67.4 

2d 2 



2 

11279.0 

2di 



3 

11211.6 

2p, 

6s 7p 

3po 

0 

11286.4 

72.2 

2jh 



1 

11214<:2 

171.9 

2pi 



2 

11043.3 




7 

2 ? 

10018.0 


X 


8 

1 or 2 

9929.0 


2P 

6s Ip 

ipo 

1 

9483. 2 


2,s* 

6s 


1 

8124.3 


3D 

6s Id 

H) 

2 

7931.0 


2p3' 


Ap 

0 

7535. () 

329 .7 

2p/ 



1 

7205.0 

793.1. 

2pi' 



2 

6412. 8 
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Ba I 


BARIUM I 


{^Continued) 


c 

Jonfiguration £ 

Symbol 

J 

Perm value 


3/. 

6s 4/ 

zpo 

2 

7Ji26.8 

16 0 

3/j 



3 

7412.8 

14.2 

3/x 



4 

7398.6 

5io 

— 

9° 

L or 2 or 3 

7393.4 


^2 


10 

1 or 2 

7240.2 




11 

1 

7198.2 




12 

l or 2 

6685.1 


Sds 

68 Td 

3D 

1 

6320.1 

62.8 

23.0 

Sdj 



2 

6267.3 

3di 



3 

6244.3 

3p8 

6s 8p 

3po 

0 

6186.9 

49 6 

3p2 



1 

6137.3 

80.1 

3pi 



2 

6067.2 

SF 

68 4/ 

IP® 

3 

6136.7 


da" 

Sd 7s 

3D 

1 

6095.6 

266.6 

482.6 

da" 

di" 



2 

3 

5829.0 

5400.4 


— 

13® 

1 or 2 

5794.3 


ffs 

6d 7p 

3D® 

1 

5533.8 

681.8 




2 

Ji962.0 

462.6 




3 

4489 . 4 


— 

14® 

1 or 2 or 3 

6618.3 


3P 

6s 8p 

ipo 

1 

6039.5 


4D 

6s 8d 

ID 

2 

4987.8 


2f8" 

6d 7p 

Spo 

2 

4966.3 

218.8 

188.9 

2A" 



3 

4 

4747.5 

4668.6 

3s 

6s 9s 

3|S 

1 

4934.0 


4^3 
: '4#a 

6s 6/ 

apo 

2 

3 

4634.6 

4610.4 

24.2 

& 

** 


4 

4606.3 

5.1 
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BARIUM I 


Bal 


{Continued) 



Configuration 

Symbol 

J 

Term value 

Av ■ 

4F 

6 s 5/ 


3 

4254 . 


4di 

6s Sd 

«Z> 

1 

4067.6 

12 1 

4d2 



2 

4055.4 

14 4 

4di 



3 

4041.0 


4P 

6s 933 

ipo 

1 

3529.9 


5D 

6s 9d 


2 

3472.6 


4s 

6s 10s 


1 

3366.6 


5f, 

6s 6/ 

3po 

2 

$213.8 

3 7 

5/, 



3 

3210.1 

5.9 

S/i 



4 

3204 .!^ 

5d3 

6s 9d 


1 

2888.7 

17 3 

5d2 



2 

2871.4 

27 6 

5di 



3 

2843.8 



6s IO 33 

ipo 

1 

2721.0 


62) 

6.S lOd 

ID 

2 

2631.7 


5s 

6s 


1 

2404.5 


6/8 

6s 7/ 


2 

2351.2 

2.6 

6/2 



3 

2348. r 

2.4 

6/1 



4 

2346.3 



— 


1 or 2 

22644 


6ds 

6s lOd 

«D 

1 

2137.1 

2.3 

Gda 



2 

2134.8 

0.6 

6di 



3 

2124.2 


62^ 

6 s 11/3 

Ipo 

1 

2044 .0 f 


7/. 

6s 8if 

jpo 

2 

mo. 5 

2.6 

7/2 



3 

1788.0 

2.8 

7/1 



4 

1785.2 


7d5 

6s 11(1 

«D 

1 




Tda 



2 

1649.1 


7di 



3 

' 1646.8 

0 
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Ba I 


BARIUM I 


{Conclvded) 


■ 



SI 



■ 


HI 















































SERIES 


6s ms 




15869.3 

8124.3 

4934.0 

3366.5 

2404.5 




42029.4 

16399.4 





BAEIUM I 


Ba I 


SERIES {Concluded) 



m 




m 

'Da 

6 

32995.6 

32814.1 

32433.0 

6 

30634.1 

6 

11333.9 

11279.0 

11211.6 

6 

13800.4 

7 

6320. 1 

6267.3 

6244.2 

7 

7931.0 

8 

4067. 5 

4055.4 

4041.0 

8 

4987.8 

9 

2888.7 

2871.4 

2843.8 

9 

3472.6 

10 

2137. 1 

2134.8 

2124.2 

10 

2531.7 

11 


1649.1 

1646.8 




mW./} 17 SS,() 


LI 

rm.o 


L2 

782.0 

rsi.! 

L3 

607). 2 

004 .) 

14 


072. J 

15 


409 . L 



rn 


7;m.(i 

4 

13470.2 

iooo.s 

5 

mso.7 

3-204.2 

2340. 3 
1780.2 

1401 .0 
im.2 
f)S2.2 

6 

4254.4 
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Ba II 


Z = 56 


56 electrons Is® 2s® 2p® 3p‘ Sdlio 4s® 4p« 4d'-o 5s® 5p“ 6s ®/S} 

First ionization potential = 9.96 volts 

The classification of Ba II has been made according to Paschen- 
Gotze and is slightly different from the one given in Fowler. 
The absolute tenn values are given with respect to the 5p® 'So 
ofBalll. 

Reference 


H. N. Rtjssbli and F. A, Saunders, Astrophi/s. Joum. 61, 38 (1925). 


Configuration 

Symbol 

J 

Term 

value 

Av 

6p® 6s 


i 

80655.5 


6d 


11 

76781.4 

801.1 



2i 

74980.3 

6p 

2po 

i 

li 

80S9S.S 

S870S.B 

1691.0 

7s 

^8 

i 

38300.0 


6d 


li 

34705.0 

204.7 



2i 

34500.3 


apo 

2i 

sms, 9 

224.7 



3i 

smi,2 

8s 


i 

22628. d 




li 

20853.0 

92.7 



2i 

20760.3 

. 5/ 


2§ 

mm. 9 

232.0 



3i 

m479.9 
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BARIUM II 


Ba n 


{Concluded) 



Symbol 


Term 

Av 

Configura.tion 

J 

value 


2^0 

2i 

16181.9 

224.0 



3i 

15957.9 

9s 


i 

14973.7 


8d 

“D 

li 

13981.8 

54.1 



2i 

13927,7 

10s 


i 

10703.8 


9d 


li 

10101.2 

46.8 



25 

10054.4 




Bel 


Z = 4 


4 electrons 2s^ ^So 

First ionization potential = 9.281 volts 

These terms are from the work of Paschen and Kruger. The 
singlets and triplets, although well established with respect to 
each other by the long series, are given in separate tables since 
no intercombinations have been observed. Absolute values of 
both singlets and triplets are with respect to 2s of Be II. 
Several of the higher terms are uncertain. 

Reference 


r. Paschen and P. G. Kruger, Ann. d. Physik 8, 1005 (1931). 


Configuration 

Symbol 


Term value 

2s2 


D 

75194.3 

2s 2p 

ipo 

1 

8^623 

2s 3s 


i 

20517.1 

29 3p 

ipo 

1 

15007 f 

2s 3d 

ID 

2 

10766.1 

2s 4s 

IS 

0 

9948.9 

2s 4p 

ipo 

1 

7966 f 

2s U 

ID 

2 

6413,1 

2s 6s 



5872.0 

1 2s Bd 

ID 

2 

4192.0 

2s 6s 


i 

3873.6 

2p» 

ID 

2 

3695.4 ? 
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BERYLLIUM I 


Be I 


{Concluded) 


Configuratioa 

Symbol 

/ 

Term value 

2s 

ID 

2 

2943.2 

2s 7s 



2746.1 

2s 

ID 

2 

2177.1 

2s 7s 

1/8 


2047.3 

2s 7d 

ID 

2 

1674.5 

2s 8d 

ID 

2 

1327.2 

2s 

ID 

2 

1076.9 

2p2 

1/8 

0 

-3882.0 ? 


Configuration 

Symbol 

/ 

Term value 

Lv 

2s 2p 

zpo 

0 

5Sm ,8(1 

0.08 

2.35 



1 

ssm.is 



2 

5SmO .88 

2s 3s 

»/Sr 

1 

23110.22 


2s 3p 

3/>o 

0, 1,2 

msi / 


2?.-’ 

zp 

0 

15497.08 

1.40 

2.03 



1 

1549(>.2S 



2 

15494.25 

2s Zd 


L2,3 

15137.5 


2s 4s 

3/8 

1 

10684.6 


2s 4p 

’JpO 

0, 1, 2 

9^49 f 


2s 4(2 

3D 

1,2,3 

7248.7 


2s 5s 

38 

1 

6183.0 


2s 6p 

Zpo 

0,1,2 

5U7.8f 


2s 5(2 

3D 

1,2,3 

4,585.6 



79 






Be 1 


BERYLLIUM I 


(Conclyded) 


Configuration 

S/mbol 

/ 

Teriri value 

Lv 

28 6s 


1 

4030.4 


2^ 6p 

jpo 

0, 1,2 

3709.4? 




1,2,3 

3161.7 


2s 7 s 


1 

2836.9 


2s 7d 

«D 

1,2,3 

2310.4 


2s 8s 

^8 

1 

2103.2 


28 ^ 


1,2,3 

1762.7 


2s 9d 

w 

1,2,3 

1389.1 


2a lOd 

»J) 

1,2,3 

1121.7 


2s lid 

8J) 

1,2,3 

923.7 


2s 12d 

8i> 1 

1,2,3 

776,0 


2p 3s 

Spo 

0 

’-10382.67 

2.05 

3.92 



1 

-10364.72 



2 

-10368.64 

2p Zp 


0 

-14756.3? 

1.0 

1.9 



1 

-14757.3 ? 



2 

-14759.2 ? 

2p 3d 

jjr>o 

1 

-18997.22 ? 

0.60 

1.15 



2 

-18997.82 



3 

-18998.97 
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Be II 


^ = 4 


3 electrons 1*'“ 2s 

Ionization potential = 18.12 volts 

These term values of the beryllium spark spectrum are from 
the work of Paschen and Kruger. 

Reference 


F. Pabchen and P. G. Krugeii, Ann. d. Phydk 8, 1005 (1931). 


Configuration 

Symbol 

J ^ 

[’crm value 

^V 

Is* 2s 


i 

146881.7 



2/ JO 

i 

m96i2.9 

6.6 


li 

114946.3 

3s 


i 

68660.6 



2/JO 

i 

ffOSSJj.S 

1.8 



li 

B 0 S 8 S.B 

U 

w 

li,2i 

48828.6 


4s 


i 

31416.6 



U/JO 

i,i4 

zsm 


U 

H) 

ii,2i 

27460.5 


4/ 

•ipo 

24 , 3i 

27437.1 


6s 


i 

19645.6 


5p 


J. H 

171)1 l.S 


5d 

“Z> 

U,2J 

17570.4 


6/ 


24,34 

17B69.8 


Os 


4 

13322.6 
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Be n 


BERYLLIUM II 


{Conchided) 


Configuration 

Symbol 


Term value 


Is* 6p 

2po 

i,li 

m96A 


U 


11. 2i 

12199.7 


6/ 


21, 3i 

mss. 6 


7s 

2^ • 

i 

9655.7 


7p 

apo 

§, li 

9086 


Id 


li,2i 

8961.7 


7/ 

apo 

2i,3i 

8968.6 


U 

*D 

li,2i 

6861.3 
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Be III 


Z = 4 


2 electrons W % 

Ionization potential = 153.1 volts 
These terms are taken from the work of Edldn and Ericson. 

References 


B. Edl6n, H. Euicson, Zeits.f, Phyaik 69, 656 (1930). 
B. EduSn, Nature^ 127, 405 (1931). 


Configuration 

Symbol 

/ 

Term value 



0 

124OS0O ± 800 

Is 2p 

ipo 

1 

24SS()0 

3p 

l/>0 

1 

108300 

4p 

ipo 

1 

70900 

5p 

ipo 

1 

38700 

O?) 

Ipo 

1 

30800 
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Be IT 


Z = 4 


1 electron Is ^Si 

2 

Ionization potential = 216.6 volts 

, Por a more detailed discussion compare H I. The terms of 
this spectrum are given hy 

Ejn, l,j) _ Rb, X 16 5.822 X 256 / 3 l\ 

he ji3 ^ 4 ^ j _j. 

vyhere 



109730.8 


The two first lines of the Lyman series of this spectrum have 
been observed by Edl4n and Ericson, who used the calculated 
wave lengths as standards in this region of the extreme ultra- 
violet. The two lines are 


X = 75.925 1 y = 1317084 cm.-‘ 
64.063 1660962 


The fine structure could not be observed. 


References 

B. EaiitN and A.. Ericson, Nature 126, 233 (1930). 
B. EnnfiN, Nature 127, 405 (1931). 
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Bil 


Z - 83 


83 electrons 

Is^ 2s^ 2 p« 3 p« Sd'o 4^2 4^0 4^10 4^4 5^2 5^0 5^10 6^2 5^3 

The classification of the arc spectrum of bismuth has been 
given by Ruark, Mohler, Foote, and Chenault, and by Thorsen, 
and has been supplemented by more recent work of Toshnival. 
Due to the almost complete (j, j) coupling, multiplet assign- 
ments cannot bo made except for the lowest terms. 

Bismuth has a hyperfine structure which has been attributed 
to the presence of a nuclear spin I = 4^. The hyperfine separa- 
tions, as observed by Back, are given in the second table. 

References 

V. Thoksen, Zeits. f, Physik 40, 642 (1026). Levels and classified lines. 

A. E. Ruauk, F. L. Mohleu, P. B. Foote, and R. L. Chenault, Bur. 

Stand. Sci. Papera 19, 463 (1924). Levels and classified and unclassified 
lines. 

G. R. Toshniwal, Phil. Mag. 4, 774 (1927). Levels and classified and 
unclassified lines. 

B. A. Goudsmit and E. Back, Zeits, f. Phynk 43, 321 (1927). Hyperfine 

structure. 

E. Back and S. A. Goxtdsmit, Zeits. f. Phynk 47, 174 (1928). Zeeman 
effect and hyperfine structure. 

McLennan and MoLay, Proc. Roy. Soc. Can. 21, 77 (1927). 

P. Zeeman, E. Back, and S. Goudsmit, Zeits.f. Phynk 66, 1 (1930). 


Configuration 

Symbol 

J 

Term 

value 


g value 

Cyr** 


li 

0 


1.654 


nr 

u 

2 i 

11418 

lh4S7 

1019 

1.225 

1.20 


apo 

1 

j 

li 

21600 

ssm 

11505 

0.667 

6 p- 7« 

1 

i 

32688 


2.088 
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BISMUTH I 


Configuration 

Symbol 

J 

Term 

value 

g value 



6p^ 

2pjO 


Hyperfine structure separations 


! 3 

; 4 

t 1 

) c 

1 

► 7 


Total ^ — 0. 
-0.1S2 1 -0.198 1 

10 

-0.255 


0.254: 

0.310 

0.400 

1.875 

0.4:95 

0.571 


6p® 5a 2i^ 
6p^ 5d5 Sal 


Dp^Ys 8il 


Total less than 0 . 10 


Total —0.10 


-0.708 


0.20 


506 0.633 0.760 

0.887 
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Bi II 


Z =83 


82 electrons 

Is^ 2s^ 3d'o 4s^ 4p^ 4/"' 5^^ 5p^ 6s^ 6p^ ^Po 

This classification is given by^ McLennan, McLay, and Craw- 
ford, who also measured the hyperfine structure for a few lines. 
In the last column the total hyperfine structure separations are 
given according to measurements made by Fisher and Goudsmit. 

References 


J. C. McLenna.n, a. B. McLay, and M. P. Crawford, Proc. Boy, Soc. 
A129, 570 (1080). 

R. A. Fisher nnd S. OoinxsMiT, FV??/.s. Retf. 37 ^ 1057 (1931). 


Configuration 

Syinhol 

j 

renn 

value 

R(imarka 

Hyporfine 

structure 


1 

0 

0 

sp pj Pi 



2 

1 

13322 

y> Pi pij 



3 

2 

17025 

y> Pi pij 



4 

2 

33930 

'/) pijpii 



6 

0 

441(5() 

7>iiPii 


6p (»Pj) 7« 

r 

0 

GO mi 

»po 



2^ 

1 

Gom) 

spo 

3.91 

6s 6p’ 

40 

2 

70143 


8.2 

6p QI\) Mt\ 

5^ 

*2 

70083 


2.65 


tr 

1 

somo 


-1.66 

Cxh] 

70 

2 

83041 


2.0 


S'" i 

3 




6p ePj) 7p} 

() 

1 

84273 




7 

0 

87070 



7lhi 

8 

1 

88569 


1.02 

6p C‘Pii) rs 

r 

2 

asms 

apo 

2.2 

6p (»P|) 7pn 

0 

2 

88781 


2.50 
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Bi n 


BISMUTH ri 


{Concluded) 


Configuration 

Symbol 

J 

Term 

value 

Remarks 

Hyperfine 

structure 

6p C»Pii) 78 

10" 

1 

89877 

ipo 

-0.53 

6p OPi) 5/ 

10 

2 

106077 


-0.2 

6p OPii) 7p 

11 

2 

105263 



6p CPj) 5/ 

12 

3 

105281 


-0.7 


13 

3 

105443 


2.0 


14 

4 

105720 



6p (>P.j) 7p 

15 

1 

106441 


-0.4 


16 

3 

108272 


0.4 

6p (>PO 8p 

17 

1 

108398 


-0.1 

6p (*^i§) 7p 

18 

1 

109097 




19 

2 

109897 


0.78 


20 

0 

110924 






Bi III 


Z = 83 


81 electrons 

ls2 2 s‘^ 3 s ^ 3 p« Sd'o 45 ^ 4 p 6 4/1^ 5^2 5^0 5^10 0^2 

Ionization potential = 25 volts 

This classification is taken from a paper by McLennan, McLay, 
and Crawford. The lowest state has not been found, its absolute 
value is about 200000 crn.”’^ The total hyperfine structure 
separations entered in the last column are from measurements 
made by these authors and by Fisher and Goudsmit. 

References 

J. C. McLennan, A. B. McLay, and M. F. Ckawford, Proc. Roy, 80c, 
A129, 579 (1930). 

G. Arvidsson, Nature 126 , 5(k5 (1930). 

R. A. Fisheh and S. Goudsmit, Phyti. Rev, 37, 1057 (1931). 


Configuration 

Syml^ol 

J 

Term 

value 

Lv 

Hypcirfinc 

structure 

66'2 6p 

2/)0 

i 

— 





U 

is4sm) 




1 

n 

123143 


7.6 


2 


11()943 


12.6 

6s“7s 

'^8 

J 

linos 


2.30 

6s“ (id 

W 

li 

1 10027 

6292 




2J 

103735 


6s 6p“ 

3 

n 

89765 


9.3 

Ss* 7p 

2po 

1 

2 

li 

{illISS 

H/,0riS 

5135 

0.62 

0.3 

6s* 5/ 


35 

21 

(mm 

osom 

-100 
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Bi m 


BISMUTH nr 


{Concltded) 


Configuration 

Symbol 

J 

Term 

value 

Lv 

6s® 8s 

^iS 

\ 

61054 


7d 

. 

w 

n 

2i 

67095 

56084 

2011 

6/ 



4Sd9ji. 

-56 



H 

4S938 

5g 


a 

39946 

—3 



Zi 

39943 


6ff 


4i 

3i 

27713 

27710 

-3 

1 7h 

2^-0 

5i,ih 

Wise 
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Bi IV 


Z = 83 


80 electrons 

Is® 2s® 2p'' 3s® Sp" 3(i*® 4s® 4p« 4^®“ 4/‘^ 5s® 5p« 5i''> 6s® 

The hyperfine structure of two lines in the extreme ultra- 
violet, observed by Arvidsson, makes it probable that these lines 
belong to Bi IV. Both lines show the same triplet structure 
but in opposite direction; the first line has the smaller triplet 
distance on the long wave-length side. 

X 1317.1 A 75924 cm."® Av = 5.7 and 7.3 cm.~® 
1103.4 90629 7.0 5.3 

The classification of the first line is probably 6s® ®/So — 6s 6p 
®Pi°. The second line may be a transition with 6s 6p ’Pi (to 
which the hyperfine structure is ascribed) as final level. 

Reference 

G. Arvidsson, Nature 126, 565 (19.11). 
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BiY 


Z = 83 


79 electrons 

Is® 2s® 2p« 3s® 3p« 3d“ 4s® 4^“ 4f < 5s® Sp' 5(i‘“ 6s *5^ 

ArvidsBoa has found two lines of which the hyperfine structure 
shows that they are probably the principal doublet of Bi V. 

Refereace 


Gr. AiiviDSSoisr, Nature 126, 565 (1931). 


Cotttguration 

Symbol 

J 

Term 

value 

Ay 

Bemarks 

6s 


i 

0 


13 cm.-^, hyperfine struc- 






ture 

6p 

apo 

i 

n 

87765 

116673 

27908 
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Z = 35 


Br I 

35 electrons ls^2s^ 2p« Ss*' 

First ionization potential = 1L80 volts 

This classification has been tfiken from a paper by Kiess and 
De Bruin. Large deviations from multiplet structure are pres- 
ent. The lowest state has been estimated to be 95550 cm.”^ 
with respect to 4^*^ of Br IL 

Reference 


C. C. Kiesh and T. L. de Biutin, Bur. Stand. Joum. Res. 4, 667 (1930). 


Configuration 

Symbol 

J 

Term value 

Av 

4^2 4p8 

2pO 

n 

0 

-3686 



i 

Sfm 

4p* i^P) 5« 

*P 

n 

63429.82 

-1470.68 



li 

64000.60 

-1976.66 



j 

66877.16 

4tp* (3p) 6s 

2/> 

li 

67176.87 

-1786.66 



j 

68903.62 

4p* (®P) 6p 


2J 

7Mmri.(}7 

-336.86 



li 

rr)(m./)i3 

-804.81 




7m)7.SS 

4p* (3P) 6p 

4/>o 

3J 


-176.62 



2J 

7n(m,u 

-1040.01 



U 

5 

7(i7sa./tr) 

78009.20 

-1332.84 

4:p‘^ (*/>') 6.S 


i 

75901.89 


42?^ i^D) 6s 


li 

2.J 

77306.93 

77324.11 

18.18 

ip* m 6p 

HP 

2i 

7 890 J^, 88 
79089.18 

-1184.28 
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Br I 


BROMINE I 


{Continued) 


Configuration 

Symbol 

/ 

Term value 

Lv 

4p4 (sp) 5p 

4^0 

14 

78669.92 


(»P) 5p 

2po 

4 

78858.98 

312.66 




79171.64 

4p4 (3p) 

2^0 

4 

79861.30 


4p< (sP) 6y 

4po 

24 

14 

85620.14 

86679.60 

-59.46 

-212.96 




85792.66 

4p^ (3P) 6p 

4po 

34 

24 

14 

85766.22 
85813.82 

85937.22 
86429.88 

-57.60 

-123.40 

-492.66 

4p< (»P) 6p 

2pO 

14 

i 

87252.57 

87492.36 

-239.79 

4p‘ (’P) 7s 

2p 

14 

4 

87748.30 

90102.93 

-2354.63 

4p‘ (»P) 78 

4p 

24 

14 

4 

88128.33 

88268.77 

90285.62 

-140.44 

-2016.85 

4p‘ (ID) 6p 

2po 

14 

4 

88476.73 

88552.92 

-76.19 

4p‘ Q-D) 6p 

2po 

34 

1 

88668.93 

-15.99 



24 

88674.92 

4p* (»P) 6p 

4^0 

14 

88947.12 


4p4 (sp) 0p 

2po 

14 

24 

88841.39 

89025.05 

183.76 

4p< (SP) 6p 

2^0 

4 

89140.50 


4p« (=P) 7p 

4po 

24 

14 

4 

89641.96 
89779.48 
89941 . 14 

-237.52 

-161.66 

4p* Q-S) 6p 

2po 

4 

14 

89758.04 

89899.16 

141.12 
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BROMINE I 


Br I 


(Concluded) 


Configuration 

Symbol 

J 

Term value 

^v 

(^D) 6p 

'ijyo 

2J 

IJ 

89786.37 

89854.34 

-67.37 

4p< (sp) 4d 

*D 

J 

89722. 68 




3J 

89854. 02 




U 

898G1. 13 




25 

89941.29 


4p* (3?) id 

*P 

5 

15 

90186. 50 
90559. 12 

372.62 



25 

90782. 20 

223.08 

ip* (»P) 4d 

AF 

45 

35 

90238. 19 
90261. 16 

-22.97 

-87.17 



2.} 

90848. 33 



15 

90421.50 

-73.17 

4p* (3?) 4d 

2F 

25 

91432.00 

30.44 



3 i 

91462.44 

4p^ (8?) 4<i 


25 

U 

91546.68 

91S11.64 

-156.06 

4p< (3/") 4ri 

ap 

15 






5 

91786.36 


4p< (8P) 5d 

*I> 

5 

91733.24 




35 

15 

91748.84 

91793.40 




25 

91803. 62 


ip* (aP) 6ri 

*F 

45 

35 

91844. 62 
91874. 41 

-29.89 



25 

91949. 83 

-76.42 



15 

•— 


4p4 (sp) 5d 

*P 

25 

92722. 87 




5 

92736. 30 




15 

92746. 84 
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Bril 


Z = 35 


34 electrons Is® 2s® 2p® 3s® 3p® 3ci'“ 4s® 4p* 5s '’Ss 

These terms are from the -work of Deb. 

Reference 
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Br III 
33 electrons 


Z = 35 

Is* 2s* 2p^ 3s* Sp® 3d'“ 4s* 4p’ ^5^° 

The term values are derived from a paper by Deb. The 
discrepancies in frequency differences allowed in the classsification 
are so large that several terms seem uncertain. It is extraor- 
dinary that the 4p* 4d multiplets are all found to be inverted. 

Deb gives the absolute value of the lowest state as 210,000 cm.~^ 

Reference 


S. C. Deb, Proc. Roy. Soc. 127, 197 (1930). 
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Br HI 


BEOMINE III 


{Concluded) 


Configuration. 

Symbol 

J 

Term 

value 

Av 


ip 

u 

65203 

268 



2i 

65471 



3i 

65950 

479 

808 



4i 

66758 

4:pnd 


i 

68037 

no 



li 

68147 



2i 

68504 

357 

585 



3i 

69089 

4j)»6d 


i 

70142 

468 



It 

70610 



2t 

71214 

604 


Configuration 

Symbol 

J 

Term 

value 

Ay 

4j>2 5s 

2p 


0 

1138 



It 

1138 

6s 


li 

1782 

1286 



2i 

3067 

4p2 4d 

ap 

It 

3530 

-957 



i 

4487 

4p’4d 

W 

2i 

7355 

-785 



It 

8140 

4p2 4d 

ap 

3i 

12698 

-113 



2i 

12711 

4p2 6p 

22)0 

li 

88770 

1367 



2t 

som 

4p2 5p 

2po 

t 

It 

38354 

ssms 

1171 

4p* 5d 

ap 

2i 

66444 

722 



3t 

67166 

4p!5£i 

2Z> 

It 

68683 

1188 



2i 

69871 

4p!‘5d 

2p 

t 

70757 

980 



1 

71737 
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Br IV 


Z = 35 


32 electrons ls‘ 2s^ 2p« 3s^ 3p« 3^'“ 4s^ 4p* 

This classification has been given by Deb. The lowest state 
has not been found. It is very unusual that the 5s is 
inverted. Many of the terms seem to be quite uncertain. 

Reference 


S. C. Deb, Proc. Roy. Soc. A127, 197 (1930). 


Configuration 

Symbol 

J 

Term 

value 


4p 5.s‘ 

ipo 

1 

0 


4p 5« 

apo 

2 

93S 

-1093 



1 

WMi 

-506 



0 

2B32 


4p 5p 

H) 

1 

34899 

1193 



2 

3(5092 

1617 



3 

37609 


4p 6p 


2 

37990 


4p 5p 

3/> 

0 

40091 

364 



1 

40466 

607 



2 

410(52 

4p 5p 


1 

42176 


4p 5p 

hS 

1 

1 43179 
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31 electrons 


Is* 2s* 2p<‘ 3s* Sp* 34^“ 4s* ip *Pi' 


In -this spectrum Deb has classified a few lines. 

Reference 

S. C. Deb, Proc. Roy. Soc, A127, 197 (1930). 


Configiiration 

Symbol 

J 

Term 

■value 

^v 

4:a® 6s 


i 

0 


4sHd 

2D 

ii 

2i 

7606.3 

8149.2 

642.9 

4s^63} 

2po 

1 

li 

41018.^ 

43590.1 

2571.9 




Cl 

6 electrons 


Z = 6 

Is^ 2s‘^ 2p2 spo 

First ionization potential = 11.217 volts 

Paschen and Kruger have recently extended the series of the 
arc spectrum of carbon and have observed intercombinations 
which place the singlets with respect to the triplets. They give 
the absolute values of the terms with respect to the 2p of 
CII. 

The low terms have been given in the first table and all the 
terms given in the second arranged in the series scheme. 

References 


S. B, Ingram, Phys. Rev, 34, 421, (1929). 

F. Paschen and G. Kruger, Arm. d. Phynik 7, 1 (1930). 


Configuration 

Symbol 

J 

Term 

value 

Lv 

28^ 2p^ 

zp 

0 

90878.3 

14 8 



1 

90863.5 




2 

90836 


2s»2p“ 


2 

80686 


2s^2p^ 

hS 

0 

69231 


28* 2p 38 

Zpo 

0 

S0r)Jt7,0 

20 0 



1 

sonzr.o 

4.0 1 



2 

30480.9 


28* 2j) 38 

\po 

1 

mo8 


28 2/)® 

nr 

2 

20792 


28 * 2p Zp 

ID 

2 

22780 


28 * 2p Zp 

aD 

1 

21190.2 

21.2 



2 

21169.0 

oo 7 



3 

21135.3 

00 . 1 

28 * 2p Zp 


1 

20139 


28 2p^ 

3/>o 

1.2 

! mme 
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^ CO 


Cl 


CARBON I 


SEIOES 



102 

















CARBON I 
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CII 

5 electrons 


2 = 6 

ls2 2s2 22? 

First ionization potential = 24.27 volts 

The classification of this spectrum has been made by Fowler 
and Selwyn. The absolute value of the normal state, 2s^ 2p 
has been given with respect to the ^Sq of C III. 

As there are no intercombinations between the doublet and 
quartet terms known, the absolute values of the quartet terms 
are given with respect to the 2s 2p of C III from which they 
arise. 

References 

A. Fowlbr, Proc. Boy. Soc,, A106, 299 (1924). 

I. S. Bowen, Phys. Rev. 29, 231 (1927). Ultra-violet classified lines and 
term values. 

A. F owLER and E. W. H. Sblwyit, Proc. Roy. Soc., A120, 31 2 (1 928). Com- 
plete term tables and classified and unclassified lines. 


Configuration 

Symbol 

J 

Term 

value 


252 2p 

2po 

i 

li 

196669.0 

196695.0 

64.0 

Asolute values with 
respect to 2s^ '^S o of 

cm. 

2s 2pa 

W 

2i 

121728.1 

-1.2 




li 

121726.9 


2s 


li 

100164.9 



2a 2p2 

2p 

i 

86033.9 

41.2 




li 

85992.7 


2s2 38 


i 

80121.1 



2s2 3p 


i 

64984.3 

11.1 




li 

6 4983. S 


2s® Zd 

2D 

li 

51109.0 

1.4 




2i 

51107.6 
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CARBON II 


C II 


{Continued) 


Configuration 

Symbol 

j 

Term 

value 



2£)0 

2i 

4sm.2 

1 



11 

46191.1 


2s® 4s 

®^ 

1 

39424.6 


2s® 4p 

2po 

1 

34140.3 

5.9 



11 

34134.4 

2s® 4d 

®D 

11 

28536.1 

0.4 



21 

28534.7 

2s® 4/ 


21. 31 

27680.0 


2s® U 

®D 

21 

18164.2 


2s® 6/ 


21, 31! 

17702.6 


2s® U 

®D 

11,21 

12558.0? 


2s® 6/ 

spo 

21,31 

12282.8 


2s® 7d 

®/; 

11, 21 

9193.0? 



Configuration 

Symbol 

/ 

Term 

value 

Lv 

2s 2?)® 


1 

206810.7 

K Absolute values with 



11 

206789.2 

respect to 2s 2y 



21 

206760.6 

of cm 

2p« 


11 

107788. 1 


2s 2p (“P) 3s 

4po 

1 

82860.0 

ft 



11 

82826.2 

/LA. 0 



21 

82781.3 

1 


28 2p (»P) 3p 


1 

1 

68120.2 

14. 7 



11 

68105.6 

' OK C\ 



21 

68080.6 

jbO .0 

QA ft 



31 

68044.2 

oO .0 

28 2p (»P) 3p 


11 

66126.0 
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CARBON II 


c n 


{Condtided) 


ConfiguKitioa 

Symbol 

J 

Term 

value 

Ai/ 

2s 2p (»P) 3p 

4p 

i 

63389.7 

16.3 

22.4 



li 

63373.4 



2i 

63351.0 

2s 2p (3?) 3d 


li 

S4.06S,9 

14.3 

19.6 

27.6 



n 

S 4049, 6 




S 4030,0 




64002.4 

2a 2p (3P) 3^ 

iJQo 

i 

BS%68.5 

5.6 

8.7 

10.3 



IJ 

SSSS2.9 



2h 

6 32 44-. 3 



3^ 

B32SS.9 

2s 2p (»P) U 

ipo 

2i 

60972.7 

-21.5 

-14.2 



li 

i 

60961.2 

60937.0 

2s 2p (>P) 4s 

ipo 

i 

40264.4 

24.0 

46.1 



U 

40240.4 



2i 

40134-3 

2s 2p OP) 4p 

^JD 

J 

35056.4 

14.3 

22.0 

36.4 



li 

35042.1 



2i 

35020. 1 



3i 

34986.7 

2s 2p CP) 4p 


li 

34049. 1 


2s 2p (>P) id 

ipo 

2i 

29006.2 

-20.5 

-12.9 



li 

i 

28985.7 

28973.8 


106 



cm 


Z = 6 


4 electrons Is^ ^So 

Ionization potential == 47.65 ^rolts 

These terms are from the unpublished work of B. Edl4n. 
Absolute term values are well established for both the singlets 
and triplets and are given with respect to 2s of C IV as zero. 
The triplets and singlets are given in separate tables, however, 
as intercoinbinations have not been observed. 

References 

L S. Bowen, Phys. Rev. 38, 128 (1931). 

B. EdlUjn, unpublished jnateriaL 


Coiifigiiration 

Symbol 

J 

Tcnu value 

28^ 


0 

38G159.7 

2s 2p 

ipo 

1 

amos.s 

2p2 

n) 

2 

240284.6 

23)2 


0 

203039.8 

3.^ 


0 

138901.2 

2s Zp 

ipo 

1 

127 m. 4 

2s Zd 

1/; 

2 

109G76.5 

2p Zs 

ipo 

1 

7017)4.^ 

2s 4« 


0 

74439.0 

2p Zp 

ID 

2 

i 

G6440.3 

2s 4p 

ipo 

1 

(137 O'M. 2 

2s 

Ipo 

3 

0347)8. 1 
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c m 


CARBON III 


{Condvded) 


Configuratian 

Symbol 


Term value 

2s 4cd 


2 

61947.7 

2pM 


3 

6S470.0 

2p 3p 

ip 

1 

53043.0 

2p3d 

IJ^O 

2 

U791.5 

2s 6p 

ipo 

1 

42904.0 

.2p Sp 


0 

41066.6 

2s 5g 


4 

39681.7 

2s 5d> 

ID 

2 

39509.3 

2p M 

ipo 

1 

SI 300. ^ 

2s 6p 

ipo 

1 

29056.1 

25 e^r 


4 

27470.3 

25 &L 

ID 

^2 

27437.6 

2p 4s 

ipo 

1 

■ 

7m 

2p4p 

ID 

2 

6047 

2p 4p 

ip 

1 

506 

2p 4d 

ip« 

3 

338 

2p 5p 

ip 

1 

-23364 

2p5d 

ipo 

3 

-2S5S6 


Configuration 

S3rmbol 

J 

Term value 

25 2p 

3po 

0 

333844.6 



1 

333820.9 



2 

333764.9 

2p2 

sp 

0 

248784.9 



1 

248756.0 



2 

248709.2 
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CARBON III 


c in 


(Continued) 


Configuration 

Symbol 

J 

Term value 

Av 

2s 3s 


1 

147999.0 


2s 3p 


0 

126505 J) 

5.6 

12,8 



1 

126500.4 



2 

126487,6 

2s 3d 

W 

1 

116203.2 

2.8 

3.1 



2 

116200.4 



3 

116197.3 

2p 3s 

3po 

0 

77997,0 

34.3 

68.7 



1 

77963,6 



2 

77894^9 

2s 4s 


1 

76755.2 


2s 4p 

SpO 

0, 1, 2 

68415 


2s 4^ 

H) 

1 

64803.0 

18.4 

23.6 



2 

64784. G 



3 

64761 . 1 

2s 4f 


2 

64210.8 

6.6 



3 

64208,8 

9.0 



4 

64194 <8 

2p 3p 

H) 

1 

63137.0 

27.6 



2 

63109.6 

38.7 



3 

63070.8 

2p Zp 


1 

58934.2 


2p Zp 

ip 

0 

66626. 6 

21.1 

36.7 



1 

66505.6 



2 

56468.8 

2p Zd 

ipo 

2 

52827.8 

27.7 



3 

52800.1 

34.9 



4 

52765.2 

2p Zd 


1,2 

48549.7 

26.0 



3 

48524^7 

2s 6s 

/N 

1 

46259.9 
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c in 


CARBON III 


{Concluded) 


Configiiratioa 

Symbol 

7 

Term Value 


22) Zd 

3po 

2 

1 

0 

46110.2 

46088.9 

46069.4 

-26.3 

-14.5 

28 5d 


1>2, 3 

40717 


2s Zg 


3, 4,5 

39634.3 


2s 5/ 

8^0 

2 

3 

4 

8906 1 .5 

39057.6 
39055.8 

3.9 

2.3 

2s 6d 


1, 2,3 

28117 


2s 6^ 


3,4,5 

27523.4 


2p 4ip 

»i) 

1, 2,3 

4237 


2p 42) 

8p 

0, 1, 2 

1844 


2p4d 

82)0 

1,2,3 

-1478 


2p hp 


1, 2,3 

-21686 


2p 5p 

sp 

0, 1.2 

-22688 


2p 5d 

32)0 

1, 2, 3 

-24859 


2p 6p 

3D 

1, 2,3 

-35184 


2p 6p 

3 p 

0, 1,2 

-35743 


2p 6d 

32)0 

1, 2,3 

-S6728 



no 



C IV 2 = 6 

3 electrons 25 

Ionization potential = 64.22 volts 

These term values of C IV are from unpublished data of B. 
Edl^n. 

References 


B. Edli^n and A. Ericsok, Zcits. /. Physik 64, 64 (1930). 
B. Edl:6n and J. Stenman*, Zeits, /. Physik 66, 328 (1930). 
B. EdliSn, unpublished material. 


Configuration 

Symbol 

j 

Term 

value 

Au 



i 

520175.7 


2p 

27>o 

i 

435691.5 

107.1 



li 

45SS84.4 

Zs 


§ 

217326.8 


3p 

2po 

i 

^^00126,2 

31.6 


H 

200004.7 

Z(l 

2D 

li 

195297.9 

11.3 



2i 

195286.6 

is 


i 

118828.0 


ip 


1 

it 1860.3 

13.1 


H 

111862.2 

id 

w 

li, 2J 

109837.6 


4/ 

'2po 

2i, 31 

100743,7 


5s 


i 

. 74809.3 


5p 

l!/>o 

i, l i 

71816.6 


5d 

2D 

11,21 

70286.5 


5/ 


21, 31 

70286.6 



2<7 

31, 41 

70229.4 


6h 

nr 

41, 61 

48769.9 



Ill 






2 = 6 


C V 

2 electrons ls“ ‘/So 

Ionization potential = 389.9 ± 0.4 volts 

Edl6n found a resonance line in the extreme ultra-violet and 
obtaiued the absolute term values by extrapolating from other 
helium-like spectra. 


Reference 

B. EniitN, Nature 127, 406 (1931). 


Configuration 

Symbol 

J 

Term value 

ls2 


0 

3159600 ± 3300 

Is 2p 

ipo 

1 

677000 ± 2000 
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Cal 


Z = 20 


20 electrons Is^ 2s^ 2p^ 3p^ 48^ ififo 

First ionization potential = 6.09 volts 

The terms built on the 48 ^Si of the ion can be found in Fowler 
and in Paschen-Gotze; the terms built upon other states of the 
ion have been given originally by Russell and Saunders. 

The first tables contain the low series members and all states 
involving two excited electrons. The later ^^series^' tables give 
all the regular series terms. 

The absolute values of all terms have been given with respect 
to the 4s of Ca II. 


References 

H. N. Russell and F. A. Saundbub, Astrophys, Journ, 61, 38 (1926). 
Irregular terms. 

H. N. Russell, Aairophyn. Journ. 66, 191 (1927). Additional assignments, 
E, Back, Zeita. f. Phynik 33, 679 (1925). Zeeman effect. 


Russell- 

Saunders 

Config- 

Sym- 

J 

Term 

Au 

notation 

u ration 

bol 


value 

1^ 



0 

49304.8 


Ipi 



0 

S4t/f(P0 

62.3 

106.9 

Ipi 



1 

S4094J; 

Ipi 



2 

8S088.7 

Ids 

4« 3(i 

3D 

1 

28909.1 

13.9 

21.7 

Ids 



2 

28966.2 

Idi 



3 

28933.5 

ID 

3d! 

ID 

2 

27456.3 


IP 

4s 4tp 

ipo 

1 

mm. 4 
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Ca I 


CALCIUM I 


(Continued) 


Russell- 

Saunders 

notation 

Config- 

uration 

Sym- 

bol 

J 

Term 

value 

Av 

W 

— 

r 

2 or 3 

1797S.8 


Is 

4s 5s 


1 

17765.1 


2s 

4s 5s 


0 

15988.2 


? 

— 

2 

1 or 2 

15818.3 


W' 

3d 4p 

air® 

2 

1S57S.9 


ih" 



3 

1S48S.9 

88. 0 

Vi" 



4 

1S407.B 

78. 3 

X 

— 

3*^ 

2 

13469 A 

3d 4p 

2pa 

4s 6p 

spo 

0 

13752.5 


2p2 



1 

13750.2 

Z. 0 

2pi 



2 

imo.s 

19. 9 

2P 

4s 6p 

ipo 

1 

13573 A 

3d iv 

2D 

4s id 

ID 

2 

12006.3 


2(2a 

is id 

»D 

1 

11556.4 


2(^2 



2 

11552.6 

3. 8 

2(^1 



3 

11547.0 

0. 0 

Ha' 

Sd 4y 

32)0 

1 

11113.0 


Ha' 



2 

11085.3 

26. 7 

Hi' 



3 

11045.3 

40. 0 

Ips' 

4p2 

ap 

0 

10887.1 


1P2' 



1 

10839.8 

47.3 

Ipi' 



2 

10753.0 

86. 8 

Ipa^' 

Sd 4p 

Zpo 

0 

9971 .0 


1P2" 



1 

9969 A 

1.9 

Ipi" 



2 

9964.3 

4.8 

r 

— 

4® 

2 or 3 

8767.0 

3d ip 

z 

T^- 

■ — 

5 

0 or 1 or 2 

8614.2 

ip^ ^So 

X 

1 

6 

2 or 1 

8584.9 

4p2 iDa 
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CALCIUM I 


Ca I 
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Ca I 


CALCIUM I 


SERIES 


4s ms 

m 

sSi 

m 

‘-So 

4 


4 

49304.8 

5 

17765.1 

6 

15988.2 


8830.3 

6 

7518.4 

7 

5323.8 

7 

5028.0 

8 

3565.6 

8 

3417.3 

9 

2656.2 

9 

2469.4 

10 

1922.4 

10 

1867.7 

11 

1498.6 

11 

1461.5 

12 

1200.3 

12 

1176.0 

13 

982.5 



14 

819.8 




4s mp 

m 


zp^o 


m 

ipo 

4 

34146.9 

34094.6 

33988,7 

4 

25652,4 

5 

12753,5 

12760,2 

12730,3 

5 

ims.i 





6 

76M.9 





7 

5S71 .4 





8 

3879.8 





9 

2824.0 





10 

2120,3 





11 

1638.2 





12 

1305,9 





13 

1071,0 





14 

888.5 
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CALCIUM I 


Ca I 


SERIES (Concluded) 
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Z = 20 


Ca II 

19 electrons Is® 2s® 2p« 3s® Sp® 4s ®fifi 

First ionization potential = 11.82 volts 

The classification of Ca II has been extended by Saunders 
and Russell. The absolute values are given with respect to 
the 3p« of Ca III. 


References 


P. A. Savndbes and H. N. Evsbbli, Astrophys. Journ. 62, 1 (1925). Classi- 
fied lines and terms in series form. 

H. N. Eubseil, Astrophys. Jonn. 66, 283 (1927). 


CJonfiguraition. 

Symbol 

J 

Term 

value 

Ap 

3p® 4s 



95748.0 


U 

2D 

li 

82097.8 

60.8 




82037.0 

4p 

2po 

1 

70566,4 

222.8 



1^ 

rosss.e 

58 


i 

43581.0 



2D 

li 

38908.7 

19.1 



H 

38889.6 

hp 

2po 

i 

S5213.4 

78.4 




35136,0 

4/ 

2jpo 

21.31 

27634,0 


6s 

^JS 

1 

25070.3 


5d 


11 

23026.0 

8.7 



21 

23017.3 


Zpo 

1 

21262.2 

21226.3 

35.9 
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CALCIUM II 


Ca n 


{Concluded) 



119 






Ca III 


Z = 20 


18 electrons Is* 2s* 2p® 3s* 3p® *jSo 

First ionization potential = 51.0 volts 

The classification of Ca III has been given by Bowen. 

The absolute value of the lowest term 3p* ^So is given as 413127 
cm."'- with respect to the 3p® *Fij® of Ca IV. 

For the notation see Ne I. 


Reference 


I. 8. Bovun, Phys. Reo. 31, 497 (1928). 


Paschen 

notation 

Configuration 

Symbol 

J 

Term value 

Ip 



0 

0.0 

Ut 

3p‘ PPij) id 

V 

0 

— 

3^6 



1 

2038^.1 

id, 


3^ 

2 

msss.jf. 

Zdi' 


4^ 

4 

— 

id, 


5" 

3 

213378.$ 

3di" 


6^ 

2 

214333,3 

w 


70 

3 

— 

Zd2 


S'* ' 

1 

224553.4 


3p' QPi) 3d 

9“ 

lor 2 

225823.2 

Zar 


10“ 

2 

227 387. S 



11“ 

3 

228411.6 

38/ 


12“ 

1 

232831.4 

l8s 

3p' («Px}) 4s 

1“ 

2 

242543.5 

la* 


2“ 

1 

243927.0 

188 

3p»0Pi) 4s 

3“ 

m 

245608. 4 

Ih 


4“ 

1 

247693.4 
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CALCIUM III 


Ca ni 


{Concluded) 


Paschen 

notation 

Configuration 

83 ^ 11)01 

J 

Term value 

2pio 

3p® (“Pii) 4p 

1 

1 

272185.4 

2p9 


2 

3 

277018.8 

2^8 


3 

2 

277377.5 

2p7 


4 

1 

278616.7 

2p6 


5 

2 

279738.2 

2p8 


6 

0 

282072.0 

2p4 

3p‘(»Pj) 4p 

7 

1 

281136.3 

2pj 


8 

2 

281878.8 

2ps 


9 

1 

282568.4 

2pi 




— 

4Di 

3p' ('“Pij) 4(i 

2° 

1 


4cDz 


3*’ 

2 

S^36W.d 

4^Dz 


S'’ 

3 

326182.0 



6° 

2 

328086.5 

42)6 

3pt (ipi) 4,i 

11'’ 

3 

335285.9 

28fi 

3p»eP.4)6« 

r 

2 

327917.0 

2S4 


2'’ 

1 

328580.4. 

2S8 

(3p»*Pi) 6» 

3" 

0 

331042.7 

2S2 


4'* 

1 

331398.6 
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Ca IV 


2 = 20 


17 electrons 2fi^ 2p® Ss^ Sj?® 

The foUomng terms for Ca IV have been found by Bowen 
in a study of a group of isoelectronic spectra in the ultra-violet. 

Reference 


I S. Bowen, Fhys. Rev. 31, 497 (1928). 


Configuration 

Symbol 

J 

Term 

value 

Av 

3s2 Zv^ 

2po 

li 

0 

-3130 



i 

S180 

3s 3p® 

®>Sf 

i 

162450 


3s® 4s 

2p ? 

li or 1 

298187 
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Ca V 


Z = 20 


16 electrons ls“ 28** 3s** 3p* ®P 2 

The classification of Ca V has been given by Bowen in a study 
of isoelectronic spectra in the far ultra-violet. 

Reference 


1. S. Bowen, Phys. Rev. 31, 407 (1928). 


Configuration 

Symbol 

J 

I'erm 

value 

Ap 

3s*“ 3p< 

zp 

2 

0 

-2402 



1 

0 

2402 

3271 

-809 

3s Sp* 


2 

154078 

-2088 



1 

156706 

-1133 



0 

1578,96 
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Cbl 


Z - 41 


51 electrons Is^ 2^^ 2p® 3s^ 3d^° 45 ^ 4p® 4^^^ 5s ®D 

Meggers has given many of the sextet terms of the columbium 
arc spectnim but none of the quartet or doublet terms have 
been found. Probably all the terms are built upon the two low 
terms of Cb II which are close to each other, 4d^ ®Z) and 4d® 5s 
The highest multiplet of the group, a is difficult to place. 

For odd terms the division into multiplets is rather uncertain 
because of the overlapping. This also causes difficulties in 
determining the assignment of electron configurations. 

References 


W. F. Meoobbs, Joum. Wash. Acad. Sci. 14, 442 (1924). 

W. F. Meggers and C. G. Kiebs, Joum. Opt. Soc. Am. 12, 417 (1926). 


Configuration 

Symbol 

J 

Term value 

tAV 

4d^ (»D) 6s 

«D 

i 

li 

2i 

3i 

0 

164.3 
392.0 

695.3 
1060.4 

154.3 

237.7 

303.3 

355.1 

4d^ («D) 6p ? 

6^0 

li 

28984.8 

170 C 



2i 

24164.6 

1/ y . o 



3i 

24396.7 

. Jl 



4i 

24769.6 

o/z . y 

/tQO 0 



5i 

25199.8 

4oU . L 



6i 

26690.2 

490.4 

4d‘ (‘2)) 6p ? 

«po 

li 

24288.3 

OKO O 



2i 

24643.1 

ZUa . O 



3i 

2^904.8 

ool . y 

4d<(‘2))6p? 

62)0 

i 

26652.3 




li 

26718.2 

160.9 



2i 

26988.2 

270.0 



3i 

27427.0 

443.8 

1_ 


l4i 

27974.8 

04/ .o 
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COLUMBIUM I 


cb I 


{Concluded) 


Configuration 

Symbol 


Term value 

^v 





28007.2 f 

201.3 

237.2 

103.9 

625.5 



14 

28208.6 



24 

28U5.7 



34 

44 

285 49. 6 
29175.1 

— 


14 

28278.4 

374.3 

320.7 



24 

28652.7 



34 

28973.4 
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Cbll 


z = ii 


40 electroas ls« 2s* 2p« Ss* 3j)« 45® ip^ 4d* 'Do 

These terms are takea from a paper by Meggers and Kiess. 
The odd multiplets overlap aad their assignment, therefore, seems 
TEither imcertaiii. 


Reference 


"W. R. Meggeeb and C. C. Kiess, Joum. Opt. Soc. Am. 12, 417 (1926). 
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Cb III 


Z = 41 


39 electrons 2s^ is^ 4p® 5s ^Fij 

Ionization potential = 24.2 volts 

The classification of this spectrum has been made by Gibbs and 
White. They give the absolute value of the lowest state as 
196,296.4 cm.“^ with respect to 4d^ of Cb IV. 

Reference 

R. C. Gibbs and H. E. White, Phys, Rev, 31, 520 (192S). 


Configuration 

Symbol 

J 

Term 

value 


ip 

li 

0 



2i 

515.3 



U 

1243.7 



4J 

2163.5 

5p 


n 

3J 

884(10. i3 
80780.0 



4i 

41880.8 



fij 

4mo.o 



n 

2i 

41870.8 

41874.0 




48047.0 



4J 

48000.0 

6p 

4/;« 

1 

Ji 

48008. 7 



li 

44408. 7 



2i 

34 

40000.8 

40800.8 




515.3 

728.9 

909.8 


1319.7 

1449.4 

1006.2 


597.2 

773.6 

919.1 


490.0 

007 . 1 
307.0 





Cb IT 


2 = 41 


38 electroES Is^ 2s* 2p' Zs^ 3p“ 3d“ 45“ ip^ 4d» ’Fa 

The classification has been, made by Gibbs and "White. The 
lowest state has not been found. The absolute -value of the 
4d 5s ®Di state is given as 292520 cm.~^ with respect to 4d *I>ij 
of Cb V. 


S.eference 

R. C, Gebbs and H. E. White, Phys. Eev. 31, 520 (1928). 


Configuration 

Symbol 

J 

Term 

value 


4d 5s 

»i) 

1 

2 

3 

0 

666.5 

1746.2 

665.5 

1180.7 

6p 

3£)0 

1 

2 

3* 

i69B7,8 

48S2S,7 

mUA 

1397.9 

1388.4 

6p 


2 

3 

4 

J^7e60.4 

483^,8 

50931.0 

661.4 

2609.2 
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Cd I 


Z = 48 


48 electrons Is^ 2s^ 2p« Ss^ Sp" Sd*" 4s2 4p« 4di“ ^So 
First ionization potential = 8.96 volts 

This classification can be found in Paschen-Gotze and Fowler. 
The p* and several higher series members were added by 
Iluark. 

Schuler and Briick succeeded in interpreting the hyperfine 
structure of several lines and showed that it was caused by two 
groups of isotopes, one group with a nuclear moment I = ^, 
the other group with / = 0. The hyperfine structures are 
inverted, as if they were caused by the magnetic moment of 
negative particles inside of the nucleus. The level separations of 
the isotopes with / = ^ are; 

cm. — ^ 
-0.379 
-0.369 
-0.354 
- 0.210 
-0.281 
+0.184 
-0.281 


7,v hSi, 
8« 

6« 6p«Pi. 
6« 6/Z ^Di 


References 


A. E. Ruahk, Joum. 8oc, Am. 11, 199 (1926). 

H. SchOler and II. BhOtck, Zeits. f. Phydk 66, 291 (1929); 68, 735 (1929). 
C. L. Ai.BUiaHT, Phy^. Reo. 36, 847 (1930). 

B. Goxjbhmit, Naturmnn. 17, 805 (1929). 

H. SchOleu and J. E. Keyhton, Zeita. /. Phydk 67, 433 (1931). 






Cd I 


CADMIUM I 

(Condvded) 
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CADMIUM I 


Cdl 


SERIES 
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Cd II 


Z = 48 


47 electrons 25 ^ 2p® 3s^ 3p^ 4s'^ 4p^ 4d^° 5s 

First ionization potential = 16.84 volts 

These tema values are taken from a paper by Takahashi. 
The first table gives the low terms only, the second one contains 
the rest of the irregular terms. The remaining tables give the 
terms which form series. 

Reference 


Y. Takahashi, Ann. d. Physik 3, 27 (1929). 


Configuration 

Symbol 

BH 


A*/ 

4d“ 5s 


i 

136376.6 


6p 

jpo 

i 

li 

oem.s 

5^5.1 

2483.2 

4d* '5s2 

w . 

24 

67117.8 




14 

61483.0 

-5734.8 

4d‘»6« 


4 

53386.4 


bd 

W 

14 

24 

46685.3 

46531.0 

454.3 

5p 

2po 

4 

14 

41666.8 

40992.6 

673.3 

— 

r 

14 or 24 

29817.0 


78 


4 

29077.1 



2po 

24 

27966.1 

12.8 



34 

27942.8 

— 

2“ 

14 

26986.9 



3° 

14 or 24 

26208.9 


bd 

22> 

14 

26202.1 

73.5 



24 

26128.6 
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CADMIUM II 
{Concluded) 


Cd II 


Configuration 

Symbol 

J 

Term value 



4° 

IJ or 2i 

U 018.1 



6° 

2i ? 

2S309,0 



6° 

li 

21047.5 



70 

li or 2i 

31426.0 



8" 

li 

20151.4 



9° 

li 

1042 s. 5 



10° 

i or li 

18S82.S 



11° 

li 

17S19.8 



12 ° 

li 

16240.0 



13° 

li or 2i 

1B09S.B 



14° 

li 

8878.8 



16° 

li or 2i 

6696.8 



16 

li or 2i 

-11961.2 



17 

i or li 

-12204.0 1 



18 

? 

-13052.1 



19 

li or 2i 

-13122.3 



20 

li? 

-13167.0 



21 

? 

-15266.8 



22 

? 

-15986.8 



23 

? 

-16445.7 



24 

? 

-17227.8 



26 

li or 2i 

-21051.7 



26 

i or li 

-21206.9 



27 

? 

-21482.4 



28 

? 

-21914.5 



29 

? 

-23549.0 



30 

? 

-24960.9 



31 

li or 2i 

-26683.8 



32 

? 

-26802.0 
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can 


CADMIUM II 


SERIES 


mp 

m 

“Pj” 

*p.j° 

5 

9$U1.S 

807B8.1 

6 

41665.8 

40992. B 

7 

24001.7 

2388fi.S 

8 

15722.4 

16688.0 

9 

11151.4 

11119.8 


ms 1 

m 

■BH 

5 

136376.6 

6 

63386.4 

7 

29077.1 

8 

18335.5 

9 

12624.3 

10 

9223.2 

11 

7033.8 

12 

6640.6 


mf 

m 



4 

27955.1 

27042. S 

5 

17828.7 

unres. 

6 

12886.8 

1240 S .0 

7 

9092.5 

9126.6 

8 

6957.5 



md 

m 

“Dij 


6 

■ 46686.3 

46531.0 

6 

26202,1 

26128,6 

7 

16864.0 

16814.2 

8 

11762.4 

11738.9 

9 

8678.8 

8663.9 

10 

6667.6 

6667.7 

11 

6275,8 

5283.3 


mg 



5 

12223.2 

6 

8977.9 

7 

6872.1 
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Cd III 


Z = 48 


46 electrons Is^ 2s’* 2p® 3s‘^ Sp® 4s^ 4p® 4d*” *So 

Ionization potential = 35 volts 

The classification of this spectrum has been made by Gibbs 
and White, by comparison with isoelectronic spectra. It has 
been given independently by McLennan, McLay, and Crawford. 

The absolute value of the lowest term is given as approxi- 
mately 42050 cm.“^ with respect to 4d® ’*£>24 of Cd IV. 

References 


R. C. Gibbs and H. E. White, Phytt. Rev. 31, 776 (192S1. 

J. C. McLennan, A. B. McLay, and M. F. Crawford, Trans. Roy. Soc. 
Can. 22, 45 (1928). 


Configuration 

Hyinhol 

J 

Term 

value 

Remarks 


^S’ 

0 

0 


4<i» (VJsj) 6s 

1 

3 

80403.2 



2 

2 

82303.3 


(“O.j) 6s 

3 

1 

80229.3 



4 

2 

88881.7 

1Z)2 

4(i» 0*0) 5y 

r 

2 

133823 



2” 

3 

imm/t 

w. 


3” 

1 

I387G5 



4° 

4 

13.9042 



6” 

2 

140447 

>Di 


6° 

2 

14212s 

“Po 


70 

0 

142705 

”-Pj 


8^ 

3 

142005 

’Ps 



1 

140085 

‘/’i 


10" 

3 

140101 

‘Pj 


ir 

1 

147037 

Wi 


12" 

2 

148475 

Hh 
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Ce IV Z = 58 

55 electrons Is^ 2s^ 3p^ 3c?^° 45^ 4p® 4<Z^® 5p^ if 

Several lines of the Ce IV spectrum have been recognized by 
Gibbs and White and by Badami. The lowest state has not 
been found. 


Beferences 


R. C. GriBBB and H. E. White, Phys. Rev. 33, 159 (1929). 
J. S. Badami, Proc. Phys. jSoc. Lond. 43, 53 (1931). 


1 Configuration 

Symbol 

J 

Term 

value 

Av 

5d 


ij 

2i 

0 

3304.9 

3304.9 

68 


i 

5151.6 


6p 

spa 

i 

li 

411S5.3 

45842.2 

4706.9 

6d 


2i 

97111.4 
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17 electrons 


ls2 2s** 2p« 3s‘" 3p'' 


First ionization potential = 12.96 volts 

The classification is taken from Kiess and De Bruin. They 
have estimated the absolute value of the lowest state to be 104991 
cm.-*- referred to 3p* “Ps of Cl II. The terms whose multiplet 
character has been recognized are all built upon this state of 

cm. 

References 


K. Majumdar, Proc. Roy, Soc. A126, 60 (1925). 

C. C. Kibss and T. L. De Bruin, Bur, Stand. Journ. Rea. 2, 1117 (1929). 


Configuration 

Symbol 

J 

Term value 

Av 


2po 

11 

0 

-881 



1 

881 

3p< i’P) 4.'( 

^P 

21 

11 

71964.00 

72484.20 

-630,20 

-338.44 



1 

72822.64 

3p4 (3/>) 

ip 

14 

74221.44 

-639.80 



2 

74861.24 

3p4 (3P) 4p 

ipo 

24 

14 

nm4.H 

ssm.ns) 

-212.06 

-233.06 



4 

8SS60.r>r, 

3p4 (,ip) 4p 

ijr 

3-J 

88889.(14 

-238,26 



2 J 

84187.90 

-353.01 



14 

84480.91 

-203.36 



4 

84984.87 

Zp* (’P) ip 

2£)0 

24 

84948.09 

-340.36 



14 

84984.04 

3p4 (ap) 4p 

3p® 

14 

* 

89438.04 

89913.44 

-475.40 
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CHLOEINE I 


Cl I 


{Continued) 


Configuratioa 

Symbol 

/ 

Term value 

Av 

— 

1 


84115.68 



2 


84117.38 



3 


84120.46 


3p« (’P) 4p 

4^0 

u 

85730.68 


3p< (»P) 4p 

25fo 

4 

85879.72 


— 

4“ 


Qitsos.ei 


3p4 (8p) 

4po 

24 

14 

4 

9U77.9S 

H659.28 

9mB.43 

-181.35 

-310.15 

3p-4 (sp) 5p 

4£)0 

34 

94727.91 

-94.84 



24 

948Sg.7S 



14 

95S09.4S 

-486.68 



4 

95630.51 

-221.08 

3p-'ep)5p 

2£)0 

2§ 

9SS9e.Sl 

-306.70 



14 

9170$. 01 

— 

5’ 


9SS9S.88 


3pH*P)6p 

45f0 

14 

96608.80 


3p< (>P) 3d 


34 

95696. 49 

-85.92 



24 

95782.41 



14 

95893. 16 

-110.75 



4 

95991.18 

-98.02 

3p« (»P) Sp 

Spo 

H 

96308. 84 

-280.80 



4 

96689. 64 

3pH>P) Sp 

25^0 

4 

96481.63 


— 

6“ ? 


96716.86?* 


3pU’P)3d 

4P 

44 





34 

97334. 60 

-195.25 



24 

97529. 85 

★ Tn.;™ 4. r 


4 




* This term is given as an odd as well as an even term. 
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CHLORINE I 


Cl I 


{Concluded) 


Configuration 

Symbol 

J 

Term value 

Ai/ 

335 * (’P) Os 

ip 

21 

97233.37 

-242.83 



M 

97476.20 

-619.76 



1 

‘Z 

98095.96 

3p< (’P) 4d 


31 

21 

11 

99196.02 

99264.71 

99350.22 

-68.69 

-85.51 

-53.39 



i 1 

99403.61 


7 


99984.12 



8 


100142.41 


Zp* (»P) 4d 

4p 

41 




31 

100985.60 

-62.87 



21 

101048.47 



1 

2 
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Cl II 

16 electrons 


Z = 17 


ls2 2s2 2?>6 3s2 

The classification of the triplets of Cl II has been given by 
Bowen on the basis of observations in the far ultra-violet. 
Paschen has given a classification of the quintets, but no inter- 
combinations have been found, so the terms are given in separate 
tables. 


References 


I. S. Bowen, Phys. Rev. 31, 34 (1928). Classified lines; triplets. 
F. Paschen, Ann. d. Phydk 71, 559 (1923). Quintets. 


Configuration 

Symbol 

J 

Term 

value 

Ay 

3s“ Sp* 

zp 

2 

0,0 

-694.0 


1 

694.0 



0 

994,0 

-300.0 


Zpo 

2 

93867.$ 

-632.7 

-331.0 



1 

0 

94000.0 

94331.0 

Ss® 3p® 4s 

8^0 

1 

imoe.o 


3s2 3p»3d 

ZJ)0 

1 

126733.0 

21.0 

40.0 



2 

126744^0 



3 

126784.0 

— 

32)0 

1 

140737.4 

271.7 

343.9 



2 

3 

141009.1 

141853.0 

— 

zpo 

2 

167077.0 

-588.0 



1 

167666.0 



0 

157966.0 

-291.0 
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CHLORINE II 


Cl II 



141 





Cl III 


Z = 17 


15 electrons Is^ 2s^ 2p® 

First ionization potential = 39.7 volts 

The classification of Cl III has been given by Bowen and is 
based for the most part on observations in the ultra-violet. 
According to the classification no intercombinations have been 
found, so the doublet terms are given in a separate table. The 
3d has been added by Gilles, the 4zd by Majumdar and 
Deb. 

The absolute value of the lowest state, Zs^ Zp^ has been 
given as 321936 cm.”*^ with respect to the Zp^ ^Po of Cl IV 
and has been determined by applying series extrapolation to 
35^ Zp^ ms ^Pj terms. 


References 

I. S. Bowen, Phys. Rev, Zl^ 34 (1928). Quartet terms and classified lines. 

J. Gilles, Comptes Reridus 188, 1158 (1929). 

K. Majumdae and S. C. Deb, Indian Joum. Phys. 3, 445 (1929). 


Configuration 

Symbol 

J 

Term 

value 

Av 

33* 3p> 

450 

li 

0 


38 3p* 

4p 

2 i 

98520.0 

-610.0 

-345.0 



h 

99130.0 

99476.0 

38* 3?)* (»P) 4s 



173736.0 

357.8 

520.1 



li 

174093.8 



2 i 

174613.9 

3d 

*P 


179496.2 

179663.6 

179781.6 

-168.3 

-118.1 
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CHLORINE III 


Cl m 


{Concluded) 





Term 


Configuration. 

Symbol 

J 

value 

Av 

3s“ 3p2 (3p) 4p 

4£)0 


mors. 4 

258 6 



21- 

•msss.o 

20 17GB. 1 

433.1 

602.5 



35 

202367.0 

(>P) 4p 

\po 

i 

2040m .6 

102 4 



U 

204124.0 

417.2 



25 

204541 .2 

{}P) 

4^0 

IJ 

205038.5 


m u 


li 

2J 

239219.6 

239443.7 ! 

224.1 

344.9 

492.4 



35 

239788.6 



45 

240281.0 

CP) 


5 

, — 




15 

241672.4 

112.7 

361.1 



25 

241685.1 



35 

242046.2 

CP) 6.S* 

^P 

5 

244961.6 

440.9 



25 

246392.4 

744.8 



35 

246137.2 


3«^- Z'P^ 

2 /;” 

15 

0 

69 



25 

50 

3^2 3p3 

2po 

5 

11760 

112 



15 

11852 

3^2 3p2 CP) 4,s‘ 

ip 

5 

l(!031(i 

706 



15 

161022 

. 

1 

5 

162900 

•ip '( 63 


2 

U 

162963 

3.S-2 3p“ (>D) 4.'( 

2 /) 

5, 15 

170394 


3.'i2 3p2 (»P) 4p 

21)0 

15 

180083 




25 

— 


3,s!‘ 3pi“ (=P) 4p 

2/>o 

5 

100088 

141 



15 

101120 
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Cl IV 


Z = 17 


14 electrons Is^ 2s^ 2p*'^ 3s^ Zp^ ^Pq 

The classification of Cl IV has been given by Bowen in a study 
of a group of isoelectronic spectra. The classification is based 
entirely on observations in the far ultra-violet. 

Reference 


I. S. Bowen, Phys. Rev. 31, 34 (1928). 


Configuration 

Symbol 

J 

Term value 

Av 

3s2 3p2 

sp 

0 

1 

2 

0.0 

491.0 

1341.0 

491.0 

850.0 

3s 3p® 

32)0 

1 

2 

102762.0 

lorn's?. 6 

35.6 

81.4 



3 

102869.0 

3s 3p3 

apo 

1 

120274 . 




2 

120266.3 




0 

120300.0 


3s 3p® 

3^0 

1 

164721.0 


3s® 3p 3d 

3^)0 

1,2,3 

166742.0 


3s® 3p 3d 

2po 

0, 1,2 

182076.0 


3s® 3p 4s 

3po 

0 

215023.0 

360.0 

1081.0 


1 

1 

2 

215383.0 

216464.0 
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CIV 

13 electrons 


2 = 17 


ls2 2s^ 2p« 3s2 3p 2Pj° 

The classification of Cl V has been given most completely by 
Bowen. 

No intercombinations have been observed so the quartets and 
doublets are given in separate tables. 

Reference 


I. S. Bowen, Phys. Rev. 31, 34 (1928). 


Configuration 

Symbol 

J ' 

Perm value 

Ap 



i 

0 

1492 



U 

U02 

3s 3p* 

^1) 

U 

113234 

72 


2.i 

U330C 

3.^ 


1 

14G()44 


Za Zp^ 

2/> 

i 

167931 

961 


li 

168892 

3.s» 3(1 

W 

11 

21 

186861 

186893 

32 

Sn'- 4s 


1 

2 

266352 


Configuration 

Symbol 

J 

Term valiu 

! Ap 

3s 3p2 

<P 

1 

0.0 

637.7 


11 

21 

537.7 

1381.2 

843,5 


Zp^ 

VSf" 

11 

i477ri7.4 
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(1 VI 

12 rolls 


Z =11 
2.s2 2?;“ 3.s2 ‘.S’o 


1 hrsc torniH of ( 'I VI uro; given on the basis of a P?” group 
foutailty Bowen luid M illikan in the fur ult ru-violet. Theeentral 
>n« «» t le group has not hei'n separni Ptl, so t hat the large, differ- 

< im s imiHl a* given alike although the .small differences are not 
the siuiie, 

Bowen ami Millikan have nhso found a line at v = 148949.2 
wliieh they classify as :}/j- bSV ;i.s 'P,°. 


Reference 


I. »S. Hmwkn atul II A. M 1 U.IKAN, rhya. Hrv, 26, 5{)7 (1025). 






civil 

11 electrons 


Z = 17 


ls“ 2s2 233 ® 3s ‘Si 

Bowen and Millikan have found two lines in Cl VII whose 
position they predicted by the irregular doublet law and whose 
separation they predicted from the regular doublet law. 

Reference 


I. S. Bowen and R. A. Millikan, Phys, Rev. 26, 295 (1925). 


Configuration 

Symbol 

J 

Term 

value 

Ap 

2p> 3s 

‘^jS 

i 

0,0 


3p 

<2po 

i 

12S()01.2 

1889.5 



11 

mSf)0.7 
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Col 

27 electrons 


Z 

W 2s2 3s2 32)'‘ Sd^ 45 ^ 


First ionization potential about 8.5 volts 

The most complete classification of Co I has been given by 
Cataldn. The assignment of electron configurations has been 
taken from Russell. Even multiplets of the same sort have been 
lettered a, 6, c . . . ; odd ones z^y^x . . . The absolute value 
of the lowest state is probably about 69000 cm.~^ with respect to 
3d8 of Co II. 

References 


M. A. CatalXn, ZdU. f. Physik 4:7 y 89 (1928). Complete term tablc^ 
additional classified lines, and intensity schemes. Complete references. 

H. N. Russell, Astrophys. Joum. 66, 184 (1927). Assignment of electron, 
configurations. 

W. F. Meggers and P. M. Walters, Jr., Bur. Stand. Sci. Papers 22, 205 
(1927), 

L. S. Ornstein and J. ‘Boxjma, Phys. Rev. 36, 679 (1930). Intensity 
measurements. 
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COBAIjT I 


Co I 


configuration Symbol 


3d' 4s* 


Zd' 4s* ? 


(*P) 4s a *P 


3d’ 4s (“F) 4p z “F‘ 


3d’4s(«F)4p z>ir 


3d’ 4s (‘F) 4p a "<3° 


3d’ 4s ('F) 4p 2 ‘F' 


3d’ 48 ('F) 4p 2 ‘O" 


16407.80 

17233.00 

16470.60 

16778.12 

18389.51 
18774.99 

20600.70 

21215.86 

21920.06 

23152.51 

m‘11.78 

•mnB.ei 

S/fSUGM 
24733. $3 
26041.11 
26232.72 

24627.78 

26269.33 

26739.33 
26063 . 13 

26260.33 

26137.96 
. 26668.69 

26937.62 

26231.96 
26440.90 
26697.66 

28346.80 
28777.10 
29216.32 I 
29663.06 

28846.16 

29269.68 

29736.09 

30102.88 


-765.80 


307.52 


-385.48 


-715.16 


-1232.46 


-243.89 

-470.44 

-407.18 

-307.88 

-191.61 


-641.66 

-470.60 

-323.30 

-187.20 


-430.74 

-368.83 

-204.44 

-217.94 

-147.66 


-431.39 

-439.13 

-346.73 


-424.62 

-405.41 

-307.81 
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Co I 


COBALT I 



3d7 4s (SjP) 4:2? 2^^^° j 

Zd^ 4s m 4p z 

4s (3F) 4p 2 2 jpo 

3d» i^P) 4p y 

3d8 m 4p 2/ 

3d8 (3F) 4p 2/ 

3d» (8F) 4p y 2G° 

3d’ 4s (8F) 42? z 2 X)o 

Zd^{W)4p y^F^ 
3d8 (3F) 42? y ^D° 

3d’ 4s (3F) 4p X *D° 


29294.49 

2994S.74 

30445.56 
30742.65 

31699.61 

32732.99 

31871.09 

32781.64 

32027.42 

32654^5 

33150.60 

33449.04 

32430.56 
32 46 4 M 
33173.30 \ 
33674.32 

32841.91 

33466.78 

33945.81 

34196.11 

33439.64 
34133.50 

33462.80 

34352.38 


35450.51 
36329.79 

36092.40 

36875.06 

39649.04 

40345.83 

40827.63 

41101.64 

40621 .51 


150 


-654.25 

-494.82 

-298.99 


-1033.38 


-754.15 


-627.03 

-496.15 

-298.44 


-34.10 

-708.64 

-601.02 


-316.17 

-479.03 

-250.30 


-693.58 


-889.58 


-879.28 


-782.66 


-696.79 

-481.80 

-274.01 



COBALT I 


Co I 


{Continued) 





Term 

Av 

Configuration 

Symbol 

J 

value 

Zd’’ 4s (’F) 4p 


4J 


-692.8 




41918. S 

-515.8 



n 

H 

42434 -0 

42796.7 

-362.7 

3d’ 48 (»F) 4j) 


5i 

41628.3 

-740 7 



44 

34 

24 

42269. 0 
42810.6 
4S199.4 

-641.6 

-388.8 



24 

41968.74 

- 13 83 



14 

41982.67 

12.79 



4 

41969.78 


2° 

44 

42609.4 



3° 

4 

43130.18 



4® 

24 

43243.89 



5*^ 

14 

43263.47 



6 ° 

44 

46294.9 



7° 

34 

43398.60 



8° 

24 

43426.es 



9" 

14 ' 

43637.62 


- 

10*^ 

34 

43666.10 



11° 

34 

43847.86 



12° 

14 

40311.36 



13° 

24 

43921.75 



14° 

24 

44102.1 



15° 

24 

44201.87 



16° 

4 

44453.0 



17° 

24 or 14 

44666.6 


3d» (“F) 48 

cW 

44 

44781. »4 

-323.46 


34 

24 

14 

46106.39 

46876.37 

46376.00 

-770.98 

-498.63 

3d’ 48 ('F} 58 

a 

54 

46676.88 

-647.00 


44 

46222.88 

-483.82 



34 

46706.70 

-383.78 



24 

47090.48 

-274.06 



14 

47364.64 

-163.78 



4 

47628.32 

— 

18° 

14 

45904.66 

1 
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Co I 


COBALT I 


(Conclvded) 


Configuration 

Symbol 

J 

Term 

value 

Ap 

3d8 m 4s 

h^F 

2i 

45924.79 

46745.79 

-821.00 

— 

19° 

3^ 

45971 .09 



20° 


46002.76 



21“ 

H 

46186.83 



22° 

li 

46U9.97 



23° 

2i 

4SSS9.60 



24° 

1^ 

46562.74 



25° 

2i 

46671.89 



26° 

li 

JS685.B6 


— 

w ^D° 

3§ 

2| 

46872.53 

47398.85 

-519.32 

-218.27 




47612.12 

-293.09 



i 

47905.21 

3d’ 4s i^F) 6s 

d^F 

3i 

2i 

li 

47524.42 

48201.56 

48718.46 

49078.33 

-677.14 

-516.90 

-359.87 

— 

27° 

Uor 2J 

47981.7 


— 

y ^D° 

3i 

48217.32 

-226.35 



2i 

48446.67 

-102.28 




49545.95 

. -25.69 



i 

48671.64 

— 

28 

3i or 2J 

61042.19 



29 

3i 

61063.02 



30 


51142.67 



31 

41 

61170.14 



32 

SI 

51174.26 



33 

31 

51199.82 



34 

2| or 1| 

61200.7 



35 

61 or 41 

61203.80 



36 

41 or 31 

61267.96 



37 

2| 

51560.75 



38 

2| 

52070.08 



39 

31 or 2| 

62094.98 



40 

3| or 2| 

62121.26 



41 

21 

52460.04 



42 

31 

52716.62 



43 

41 

52864.28 



44 

21 

52970.60 


1 

46 

2| or 11 

53343.29 
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Co II 


2? = 27 


26 electrons Is'-* 2s* 2^0 3s* 3p“ Zd^ 


Ionization potential = 17.3 volts to 3cF of Co III 

These terms are from the work of Findlay who has studied the 
Zeeman effect, and considerably modified and extended the 
previous work of Meggers. The absolute value of the lowest 
state is estimated as 140000 cm.-^ with respect to Zd!’ *F of 
Co III. 


Reference 


J. H. Findlay, Phys. Rev. 36, 5 (1930). 


Configuration 

Hymbol 

J 

Term 

value 

Av 



4 

0,0 

-960.3 



3 

960.3 

-046.9 



2 

1697.2 


3(i’ ) 4.V 


6 

3360.6 

-078.4 



4 

4028.9 

-531.9 



3 

4500.8 

-389.2 



2 

4960.0 

-264.6 



1 

6204.6 


Zef {*F) 4s 

W 

4 

9812.7 

-896.4 



3 

10708.1 

-613.4 



2 

11321.5 


3d’ {*P) 4s 

up 

3 

17771.5 

-260.0 



2 

18031.5 

-307.0 



1 

18338.5 


3d’ {*F) ip 


6 

4 /; tor. 8 

-181.0 



4 

4t;S78.8 

-693.3 



3 

45978. t 

-480.6 



2 

484B8.fi 

-333.7 



1 

7,0780.8 
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Co n 


COBALT II 


(Concluded) 


Configuration 

Symbol 

J 

Term 

value 

^v 

3d^ (W) 4p 

B2)0 

4 

3 

2 

1 

0 

46sm.8 

47039.0 

46537.1 
47848,6 

47996.1 

-718.2 

-498.1 

-311.4 

-146.6 

W (,*F) 4p 

5^0 

6 

5 

4 

3 

2 

47078.2 

47846.7 

47807.2 

48160.7 
48888,1 

-267,5 

-461.5 

-343.5 

-237.4 

3d' (^F) 4p 

SQO 

5 

4 

3 

m65,9 

JiB8Ji8,2 

50035.9 

-792.3 

-687.7 

3d' i^F) ip 

Spo 

4 

3 

2 

49697.6 

60881.6 
50913.8 

-684.1 

-532.2 

3d' i^F) ip 

3^)0 

3 

2 

1 

51512.2 

52229.6 

62684.6 

-717.4 

-454.9 

3d' (^P) ip 

6^0 

2 

56010.6 


3d' (*P) ip 

6 J )0 

3 

61240.8 




2 

61260.1 




1 

61848.6? 




4 

61888.1 




0 

61467,9 


3d' (^P) ip 

spo 

3 

63844,1 

—22.8 



2 

1 

63866,9 

63665,0 

-298.1 

3d' (^P) 4?) 

Spo 

2 

63616.7 


3d' (*F) 5s 

6p 

5 

4 

3 

2 

1 

84012.3 

84584.8 

86165.3 

85593.9 
85874. 1 

-572.5 

-580.5 

-482.6 

-280.2 

3d' (4P) 5s 

zp 

4 

3 

2 

85479.2 

86343.8 

86937.7 

-864.6 

-593.9 
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CrI 

24 electrons 


Z = 24 

Is* 2s* 3s* 3p« 3d» 4s ’’Ss 


First ionization potential = 6.74 volts 

The term values of Cr I are from the tables of Kiess. Even 
multiplets of the same kind are lettered o, &, c, . . . in order of 
occurrence; odd ones, z, y, x, . . . 

The absolute value of the lowest term is given by Gieseler to 
be 54541 cm.“‘ with respect to the Zd^' “/S of Cr II. 

References 

H. Gibbbler, Zeits.f. Phynik 22, 228 (1924).. Partial classification, Zeeman 


effect, other references. 

C. C. Kiess, Bur. Stand. Journ. Ren. 6, 775 (1930). Term valu(«. 
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CHROMIUM I 


Configuration Symbol J 'I'®*™ 

value 


3d» (‘R) 4s 6 »1> 


3d^ 4* (“D) 4p 2 '’F° 


3d» ("S) 4p 2 «P° 


3d‘ 4a (*2)) 4p 2 70« 


3<2< 4s (•!)) 4p 2/ ’P" 


3(1< 4s (‘O) 4p y 'P° 


3d* 4s (’R) 4p 2 'P° 1 S(yif87 .1 

2 S08S8.5 

3 S096B.Z 

4 sim.s 

5 31980.0 

3d*4s(‘D)4p 2 »D° 0 SSS$7,e 


3d*4s(<R)4p 2 »P‘’ 


0 24277.1 

1 24286.6 

2 24299.8 

3 24303.9 

4 24282.3 

0 2 .^ 571.7 

1 96010.7 

2 95089.9 

3 96908.0 

4 96369.6 

5 96648.8 

6 94771.5 

3 96787.3 

2 

1 96801.8 

1 97300.3 

2 97389.1 

3 97600.3 

4 97849.7 

6 97896.9 

2 97798.9 

3 97890.3 

4 97935.3 

1 99490.7 

2 99584.6 

3 99894.7 


9.5 

13.2 

4.1 

- 21.6 


1 33493.6 

2 33649.0 

3 55677 .4 

4 33816.0 

0 33769.6 

1 33897.3 

2 34190.7 
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134.7 

293.4 



CHROMIUM I 


Cr I 


(^Continued) 


Configuration 

Symbol 

J 

Term 

value 


3d5 (65) 5s 

b'^S 

3 

36895.8 


Zd^ i^S) 5s 

b^S 

2 

37SS3. 1 


Zd^ 4s i^D) 4/> 


1 

35.7.97, i 

133.6 



2 

SS7S0.7 

180.7 



3 

88911.4 


id* 4s (*D) ip 

y*F° 

1 

40906.5 

65.1 



2 

40971.6 

114.7 



3 

41086. S 

138.5 



4 


168.6 



5 

41393.4 


id* 4s {*D) ip 

x^P° 

1 

40930.8 

52.5 



2 

40083.7 

60 7 



3 

41043.4 


id* 4s i*D) ip 

y 

0 

41134.7 

164.5 



1 

41389.3 

119.7 



2 

4I4O8.9 

166.3 



3 

41979.2 1 

207.0 



4 

4(782.2 


-- 


0 

422I8.S 

74 5 



1 

42292.8 

146.0 



2 

42438.8 

209 . 6 



3 

42048 . 4 

260.0 



4 

42908.4 


— 


2 

42237.0 

14.9 



3 

42291 .0 

25.1 



4 

42277.0 


3d' ("5) 4d 

aW 

1 

42253.3 

1.2 



2 

42254.5 

1 7 



3 

422.56.2 

1 . 1 

0 *> 



4 

42258.4 

A . £1 



5 

42261.3 

£1 . 



z 

2 

42919.4 

23 . 4 



3 

429 88. 8 

26.0 



4 

42904.8 

24 . 2 



5 

42980.0 

16.5 



() 

42009.9 
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CHROMIUM I 


Cr I 


(Continued) 


Configuration 

Symbol 

J 

Term 

value 

Ap 

— 

w^P° 

1 

U126.9 

61 1 



2 

U187.0 

72.5 



3 

U^59.b 


V^° 

2 

U^99.9 

72 4 



3 

US7S.S 

161 1 



4 

um.4 

56.7 

154.8 



5 

US91A 



6 

U7J^5,9 


ySpo 

1 

2 

3 

44666. 7 

44875.0 

45113.1 

208.3 

238.1 



1 

45m. 5 

23.4 

30.4 

30.5 

20.0 



2 

45224.9. 



3 

45255.3 



4 

45285.8 



5 

45305.8 



3 

45565.9 

48.9 

48.3 

44.0 

34.1 



4 

45614^8 



5 

45663. 1 



6 

45707.1 



7 

45741.2 

3d6 (^S) 65 

c^JS^ 

2 

45967.7 



2/31)0 

1 

46077.1 

31.9 

65.2 



2 

46109.0 



3 

46174.2 



0 






1 

— 




2 

46349.5 

18.9 

53.8 



3 

46368.4 



4 

46422.2 

3d4 45 (6D) 5s 

b^D 

1 

46448.6 

76.3 



2 

46524.9 



3 

46637.2 

112.3 



4 

46782.9 

145.7 



5 

46959.1 

176.2 
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CHROMIUM I 


Cr I 


{Continued) 


Configuration 


Symbol 


J 


w 


1 

2 

3 

4 

5 


Term 

value 


Lv 


46678.4 

46677.8 
46688.1 
46720.2 

46704.9 


- 1.1 

10.8 

32,1 

-15.3 




3 46878.6 
2 46967.6 
1 47021.9 


-89.1* 

-54.3 




2 


47047.6 


3 

4 

5 


47125.8 

47190.0 

47228.6 


47222.1 


78.2 

04.2 
38.6 

-0.5 


V ^F° 


1 

2 

3 

4 

5 


47629.1 
47680.9 
47635.6 

47639.1 
47044-0 


1.8 

4.6 

3.6 
4.9 


u^F° 


1 47877.4 

2 47917.8 

3 47974.4 

4 

5 47985.6 


40.4 

50.6 

39.9 

-28.8 


cW 


1 

2 

3 

4 
6 


47699.2 
47700.6 
47702.4 

47706.3 
47709.8 


1.4 
1.8 
2.9 

4.5 




0 

1 

2 

3 

4 


47788.1 

47772.4 

47786.1 

47814. 5 
47866.4 


-15.7 

13.7 

28.2 

52.1 


is (OD) 5s 


c^D 


0 

1 

2 

3 

4 


48558.5 

48601.4 

48824.3 


102.9 

162.9 
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Cr I 


CHROMIUM I 


{Concluded) 


Configuration 

Symbol 

J 

Term 

value 

Ap 

— 


2 

49466.8 

53.0 

53.2 

44.4 

17.6 



3 

49519.8 



4 

49573:0 



5 

49617.4 



6 

49635.0 



1 

49588.8 

9.2 



2 

49598.0 



3 

— 



s 

3 

2 

1 

49812.3 

49822.5 

-10.2 


t fip® 

1 

50018.9 

38.6 

44.6 

108.6 

42.3 



2 

50057.5 



3 

4 

50102.3 

50210.8 



6 

BOSSS.l 



4 

3 

2 

1 

50567.5 

60628.1 

60664.7 

60662.9 

-70.6 

-26.6 

-8.2 



0 

60661.2 

1 .7 



0 

52000.5 

3.2 

9.1 

19.1 

32.7 



1 

62003.7 



2 

62012.8 



3 

62031.9 



4 

62064.6 


s^F° 

1 

53011.6 

25.2 

32.9 
' 47.6 



2 

53036^8 



3 

63069.7 



4 

53117.3 



S 

63172.1 

54.8 



1 

54199.9 

54.0 

76.1 

96.7 

111.2 



2 

64263.9 



3 

64330.0 



4 

5 

64426. 7 

54537.9 
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Cr II 


Z = 24 


23 electrons Is^ 2s^ 2p^ 3p^ 3d^ ^ 82 ^ 

First ionization potential = 16.6 volts 

The term values of Cr II are from the tables of Kiess. Even 
multiplets of the same kind are lettered a, 6, c, . . . in order of 
occurrence; odd ones, 2 , 2 /, Xj . . . 

The absolute value of the lowest state is estimated by Russell 
to be about 135000 cm.~^ 


References 

H. N. Russell, Astropkys. Joum. 66, 184 (1927). Assignment of electron 
configurations. Ionization potential. 

E. KrOmer, Zeits.f. Physik 62, 531 (1928). Zeeman effect. 

C. C. Kiess, Bur, Stand. Journ. Res. 6, 775 (1930). 


Configuration 

Symbol 

J 

Term 

value 

Av 


a hS 

2i 

0 


(W) 4« 

aoj) 

i 

11963.5 

70.8 

116.4 

166.0 

192.6 



ij 

12034.3 



2i 

12149.7 



3i 

12306.7 



4i 

12498.3 

— 

a®? 

i 

U 

16896.6 

17693.3 

696.7 

Zd< i^D) 4s 

aH) 


19629.9 

130.3 

166.6 

226.0 



U 

19632.9 



2i 

19799.5 



3i 

20025.6 


a*G 

2i 

20614.2 

6.6 

1.4 

-6.9 



3i 

20619,7 



4i 

20621.1 



6i 

20614,2 

3d«? 

aW 

2i 

21824.4 

—1.6 



li 

21826.0 
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Cr n 


CHROMIUM II 
{Continued) 


Configuration 

Symbol 

J 

Term 

value 

3^5 

b^D 

3i 

25035.4 




25048.4 



li 

25044.5 




25037.3 

— 

a*P 

i 

29953.8 



1 J 

30309.1 




30866.1 

{m) 4s 

a^II 


30159.5 



4i 

30221.1 




30300.3 



6^ 

30393.4 

Zd^ {W) 4s 

a^F 

U 

31084.6 



2.} 

31119.1 



3i 

31170.3 




31221.1 

Zd^ 

bW 

U 

32846.5 



2i 

32856.7 



34 

32838.5 



44 

32855.8 

Zd^ (3(?) 4s 

bV 

24 

33419.6 



34 

33522.7 



44 

33620.4 



54 

33695.7 

Zd^ («£>) 4p 

z 

4 

4e8$g.s 



14 

4sm.9 



24 

4704^.1 



34 

47m.o 



44 

47468. 6 



54 

47763.4 

— 

z 

4 

47m. 7 

3^4 (BD) 4p 

z eP‘» 

14 

48400.8 



24 

4S49S.O 



34 

48633.9 

— 

2 

4 

48760.9 



14 

49007.6 



24 

49363.3 


Av 


-13.0 

-3.9 

-7.2 


355.3 

557.0 


61.6 

79.2 

93.1 


35.4 

51.2 

50.8 


10.2 

-18.2 

17.3 


103.1 

97.7 

75.3 


81.7 

135.2 

186.9 
237.5 

286.9 


92.2 

140.9 


256.7 

345.7 
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CHROMIUM II 


Cr II 


(Concluded) 





Term 


Configuration 

Symbol 

J 

value 

Lv 




1 

'2 

49100.2 

198.7 



n 

40307.9 


('!>) 4p 

2 

i 

— 




u 

— 





49491 .8 

155.7 



31 

49647. B 

192.6 



4i 

49840.1 


3d* C'D) 4p 

V*P° 

J 

4B434-^ 

71.8 



li 

49S66.3 

141.7 



21 

49707.9 


Sd^ (“D) 4?) 


IS 

61980.0 

85.1 



2S 

61671.1 

119.4 



34 

B 17 90. 5 

154.0 



44 

61944*5 


3d* {*D) ip 

z*D^ 

34 

64419.0 

-81.6 



24 

64601 .3 

-126.1 



14 

64637.3 

-168.8 



4 

64786.1 




y^P’' 

4 

67970.3 

3.7 



14 

67974*0 


3d* (»//) 4p 

Z*1P 

31 

63603.4 

104.8 



44 

63708.3 

142.2 



64 

63860.4 

181.7 



64 

64033.1 




V*D’‘ 

4 

63803.3 

260.1 



14 

64063.4 

386.9 



24 

64450.3 

476.9 



34 

64936.3 


3d* ip ? 

z *0" 

24 

66158.0 

100.6 



34 

66258.6 

127.1 



44 

66386.6 




64 

— 


3d* (“<?) 4p 

y*IP 

34 

68845.3 

148.3 



44 

68993.6 

177.9 



54 

69171.6 

218.0 



64 

69389.5 
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CrIII 


Z = 24 


22 electrons Is^ 2s^ 2y« 3s^- 3d* “Do 

The classification is given by White. No intercombinations 
between triplets and quintets have been found. The lowest 
state has not yet been located. The absolute value of the W 
has been estimated to be 222000 cm.-i and of the 3d® 4s to 
be 192000 cm.-^ both with respect to 3d® *F of Cr IV. 

Reference 


H. E. White, Phys. Rev. 33, 914 (1929). 
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CHROMIUM III 


Cr HI 


Configuration Symbol J 


3^3 {^F) 4s 1 0 

2 136 

3 336 

4 559 

5 918 

Zd^ m 4p 2 44^373 

3 44SS7 

4 448S4 

5 4^809 

6 4^813 

Zd^ i^F) ip 1 47381 

2 474^5 

3 47638 

4 475<?7 

5 

ZdH*F)4d fi/f 3 102694 

4 102878 

5 103107 

6 103387 

7 103710 


Aif 


136 

200 

263 

319 


264 

347 

425 

504 


147 

200 

239 

259 


184 

229 

280 

323 






Cr IV 


Z = 24 


21 electrons Is^ 2s^ 3d^ 

The classification is taken from White. Inter combinations 
between quartets and doublets are very weak, and their relative 
position therefore not quite certain. 

Reference 


H. E. White, Phys. Rev. 33, 676 (1929). 


Configuration 

Symbol 

J 

Term 

value 

Av 


iF 

n 

24 

34 

44 

0 

233 

558 

949 

233 

326 

391 



34 

15014 

357 



44 

15371 



44 

21027 

251 



54 

21278 

Zd^ (3F) 45 

iF 

14 

103989 

264 

372 

476 



24 

104253 



34 

104625 



44 

105101 


zF 

24 

109903 

760 



34 

110663 

QF) 4p 

iQO 

24 

167354 

572 

696 

821 



34 

157926 



44 

168622 



64 

159443 



14 

168619 

366 

459 

512 



24 

158886 



34 

159344 



44 

169856 
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CHROMIUM IV 


Cr IV 


(Concluded) 


Configuration 

Symbol 

J 

Term 

value 

Av 

(W) 4p 


2i 

looms 

f\A.O 



3i 

160907 



4jr)o 

4? 

161513 




14 ? 

161834 

4fi1 



24 

163295 

“235 



34 

162060 



2QO 

34 

164870 




44 

165397 

0£i i 

3^2 (^F) 4d 


34 

233350 




44 

233700 

OOv 



54 

234089 

Ooo 



64 

234489 

tlUU 
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Cr V 


Z = 24 


20 electrons Is^ 2s=“ 2p« Ss^ 3p“ 3# 1^2 

Ionization potential = 73 volts 

The classification has been given by White. The absolute 
value of the lowest state has been estimated to be 589000 cm."'' 
with respect to Sd of Cr VI. 


Reference 

H. E. WHn?B, Phys. Rev. 83, 543 (1929). 


Confignration 

Symbol 

J 

Term 

value 

Aj/ 


sp 

2 

0 




3 

500 

500 



4 

1137 

637 


ID 

2 

14921 



sp 

0 

15470 

208 



1 

15678 



2 

15046 

368 



4 

23237 




0 

25295 


Zdi:a 

3D 

1 

167159 

314 



2 

167473 



3 

168071 

598 


ID 

2 

172908 


3d4p 

1£)0 

2 

2m45 



3D® 

1 

227987 

487 

631 



2 

228Jf.74. 

i 


3 

229105 
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CHROMIUM V 


Cr V 


(Concluded) 


Configuration 

Symbol 

J 

Term 

value 

Av 


3/^0 

2 

•2295S7 

762 

1076 



3 

^20^90 



4 

231876 


3po 

1 

23h6m 




0 

234651 




2 

234826 



ipo 

3 

23S740 



Ipo 

1 

241624 


4id 

K) 

3 

319295 

485 

593 



4 

319780 



5 

320373 
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Cr VI 


Z = 24: 


19 electrons Is® 2s® 2j)® 3s® Sp® 3d ®Djj 

The classification has been given by Gibbs and White. 

Reference 


R. C. Gibbs and H. E. White, Phys. Rev. 33, 157 (1929); Proc. Nat. Acad. 
Sei. 12, 676 (1926). 


Configuration 

Symbol 

J 

Term 

value 

Av 

3(2 

2D 

i§ 

0 

957 

957 

45 


i 

227776 


4p 

apo 

i 

296489 

1822 




298311 
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Csl 


Z = 55 


55 electrons 2s^ 2p^ 3s^ 3p« 4s^ 4p« 4 rpo 5^2 5^0 0 ^ 2 ^^ 

First ionization potential = 3.87 volts 

The classification of Cs I has been taken from Fowler and from 
Paschen-Gotze. It is of interest to note that the F terms are 
inverted as far as they have been separated. The lowest F 
term has not been separated because its combination with the 
5d W lies in the infra-red. 

The normal state has been found to have a hyperfine 
structure with separation 0.30 cm.*"^ All term values are given 
with respect to the of Cs II. 

References 


D. A. Jackson, Proc. Roy. Soc. A121, 432 (1928). Hyperfine structure. 
I. M. Matthews, Proc. Roy. Soc. A120, 650 (1928). 


Configuration 

kSyiiibol 

J 

Term 

value 

Lv 

Qs 


1 

a 

31404.6 



2pO 

5 

IS 

som.s 

19672.3 

654.0 


W 

IS 

2S 

16906.0 

16807.1 

97.59 

7s 

VS 

1 

'2 

12808.9 


7p 

‘ipo 

s 


181.1 



IS 

9//J8.1 

6d 

H) 

u 

8816.6 

42.8 



2S 

8772.8 

Ss 


s 

7087.8 


4f 


2S. 3S 

693'^. 8 
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Cs I 


CAESIUM I 


{Concluded) 


Configuration 

Symbol 

J 

Term 

value 

Az/ 

8p 

2po 

i 

S69S,S 

80.6 



li 

sen.K 

7d 


i§ 

5356.5 

20.9 




5335.6 

9s 


i 

4494.9 


6/ 

ijpo 

3i 

44^3.08 

4433,92 

-0.16 


SERIES 


ms 

m 


6 

31404.6 

7 

12868.9 

8 

7087.8 

9 

4494.9 

10 

3105.5 

11 

2274.0 

12 

1738.0 
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CAESIUM I 


Cs I 


SERIES (Concluded) 
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Cs II 


Z = 55 

54 electrons Is* 2s* 2p8 3s* Sp® 3cJi» 4s* 4p® 4^10 5s* 5p« ifii, 
Ionization potential about 23.4 volts 

This classification has been given by Miller and Laporte. 
The-p'c? and p»s levels overlap and cannot be distinguished with 
certainty. The probable identification of the p*s levels, given by 
Miller and Laporte, is indicated in the last column. The abso- 
lute value of the lowest state is given as 189244 cm.-^ with 
respect to the 6p* *Pij of Cs III. 


Reference 


G. R. Miller and 0. Laporte, unpublished material. 


Configuration 

Symbol 

J 

Term value 


P 2 >* 


0 

0 


5d and 6s 

8*^ 

2 

107 892. B8 

(*Pii) 6s 


9*^ 

1 

107904,98 



1° 

1 

11094s. 14 



2** 

2 

112796.15 



S '* 

3 

118716.66 


gp5 

4® 

1 

122872 



5° 

1 

128646 



1 

1 

126518.54 



2 

2 

128089.83 



3 

3 

129107.65 



4 

1 

129989.72 



S 

2 

130766.00 



6 

0 

133153.54 


5p‘ (*JPii) 6d and 7s 

10’=^ 

2 

149212.24 

(* Pi }) 7s Vi 


ir 

1 

149606.82 

Vi 


1° 

1 

152172.11 



2° 

2 

152791 . 47 



3° 

2 

168802.26 



4° 

3 

158656.59 



5° 

3 

168678.19 




1 

166899.84 


Sp» (*Pi) 6<f and 7s 

70 

1 

163180 
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Cul 

29 electrons 


= 29 

W 2s^ 2p« 4ts VSj 

First ionization potential = 7.68 volts 

These terms of the arc spectrum of copper have kindly been 
communicated by Dr. Shenstone. Most of the lower terms are 
established with great accuracy by means of precision measure- 
ments by Burns. The absolute term values are based on the 
series calculations of Fowler and, in the light of more recent 
data, might be increased by about 8 cm.'~^ There are many 
terms based on the Sd*-* 4s configuration of Cu II and the majority 
of these are higher than the first ionization potential and there- 
fore appear in the term table with negative values. The limits 
to which they converge are 3^*^ 4s — 21925; — 22843.5; 

^Di — 23994.7; and — 26260.7 with respect to the 3ci^° as 
zero. 

Nearly all terms from the 3d^ 4s id configuration have been 
found, with only six levels missing out of thirty-six. 

References 

A. G. Shenstone, unpublished material; Phya. Rev. 28, 440 (1926); 34 
1623 (1929). 

L. A. Somme u, Zeita. J. Fhysik 39, 711 (1926). Zeeman effect. 

C. S. Bealb, Froc. Roy. Soc. Alll, 168 (1926). 

P. K. Kichlu, Zeilii. /. FfiyM 39, 672 (1926). 


Configuration 

Symbol 

J 

Term value 

b.y 

4« 

3fF 4«2 

ip 

3d^ 4« ip 

w 

ipo 

ipo 

i 

2S 

li 

i- 

U 

2i 

U 

i 

62308.000 

51106.435 

49062.577 

S177:L()W 

S3:38/J.348 

23194.01 
21394.27 

-2042.858 

248.384 

-95.338 

-829.74 
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CVL I 


COPPER I 


{Cmtinued) 


Configuration 

Symbol 

J 

Term value 

^v 

4.s‘ 4p 

4^0 

4i 

35 

25 

15 

2139S.8e'2 
2US4.G67 
2074S.I0G 
20005. 5S 

-244.295 

-409.462 

-739.575 



.1 

2 

19170.791 


3rf» 4s 4p 


35 

25 

15 

5 

18794.05 
17901 .732 
17763.847 
17392.39 

-892.318 

-137.885 

-371.457 

4s 4p 

2/?° 

25 

35 

18681 .809 
17344.777 

1237.032 

4s A'p 

2p^ 

5 

15 

16487.00 
16428.689 ■ 

58.311 

3rf® 4s 4p 


15 

25 

16136.168 

16709.66 

425.498 

3(ii« 5p 

2po 

5,15 

12926.06 


3<ii" 4d 

2D 

15 

25 

12372.800 

12366.943 

6.857 

6s 

2|S 

5 

9459.251 


3di" 6y 

2po 

15 

5 

7623.94 

7280.26 

-243.57 

5d 

2D 

15 

25 

6920.332 

6916.708 

3.624 

3di° 4/ 

2po 

35 

25 

6881.8 

6878.2 

-3.6 

3d® 4s 4p 

apo 

35 

25 

6278.06 

4188.72 

-2089.33 

3d® 4s 4p 

2po 

15 

5 

696 4 M 

3943.27 

-2020.99 

3d® 4s 4y 

2D° 

25 

15 

6656.52 

3617.14 

-2039.38 

3d'® 75 

2|S 

5 

5636.613 
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COPPER I 


Cu I 


(Continued) 
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Cu I 


COPPER I 


(Continued) 


Configuratioii 

Symbol 

J 

Term value 

Av 

4s (sDs) 4d 

11 

i 

-9574.9 

4p 


12 

li 

-9619.1 

4p 


13 

4| 

-9670.7 



14 


-9708.6 



16 

2i 

-9758.9 

4D 


16 


-9785.0 



17 

i 

-9796.8 



18 

i| 

-9843.1 

"D 

4s (3Di) 4d 

21 

3| 

-10794.6 



22 

i 

-10796.8 



23 


-10890.7 



24 

2J 

-10996.5 

4p 


25 

li 

-11008.4 

4p 

3d® 4s (»D) 6s 


3i 

-11687.0 




2i 

-12004.6 

-317.16 



li 

— 




i 

-13436.4 


3d® 4s (3D) 6s 

2D 

2i 

li 

-12862.0 

-14024.0 

Designation ? 

3d® 4s (ID) 4d 

1 

i 

-12801.3 

2? 


2 

li 

-12955.4 

2F 


3 

i 

-13077.0 

2/8 


4 

li 

-13131.6 

2D 


5 

2i 

-13138.8 

2D 


6 . 

2i 

-13227.8 

2p 


7 

3i 

-13264.9 

2p 

— 

1 

li 

-13949.7 


3d® 4s (Wz) 6d 

4 

2i 

-14651.7 

2D 


6 

5i 

-14706.0 

V 


7 

2i 

-14722.0 

Ap 2 


5 

3i 

-14760.1 

2F 2 


8 

3i 

-14772.4 

<D ? 

3d® 4s (3D2)5d 

12 

li 

-15532.6 

AP 


13 

4i 

-15545.9 

V 


14 

3i 

-15591.1 



15 

2i 

-15597.4 



16 

3i 

-15611.2 

Ap 


18 

li 

-15661.3 
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COPPEE I 


Cu I 


{Concluded) 


Configuration 

Symbol 

J 

Term value 

A*/ 

3ti« 4s (?D)ls 


3J 

-15952.2 

ROO Q 




-16546.0 ? 

oyo . o 



li 

— 




i 

-18022.4 


— 

2 

li 

-16269.7 ? 


Sds 4s (3Di) 6d 

21 

3i 

-16680.1 



23 

2i 

-16745.0 ? 



24 

2i 

-16807.8 

ip 

— 

3 

21 

-16950.1 ? 


ad" 4s (»i>a) 6d 

6 

5i 

-17361.0 



8 

3i 

-17393.9 


3ci» 4s (»Z)) 8s 


3i 

-18009.7 


3d« 4s (»D,) 6d 

13 

41 

-18196.5 


__ 

4 

21 

-18232.6 ? 



6 

11 

-18778.1 ? 


3d« 4s (ID) 5d 

4 

11 

-19006.0 

2Z> 


6 

21 

-19054.6 

2F 

3d* 48 (’D) 9s 


CO 

-19159.5 ? 
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Cu II 


Z = 29 


28 electrons Is^ 28^ 3s^ 3p^ 3d^° ^So 

First ionization potential = 20.2 volts 

This classification has been given for the greater part by 
Shenstone. Kruger has found higher members of the 3d^ m$ 
series and also published some higher 3d® mp terms which he has 
kindly informed us are probably in part incorrect, and they 
have therefore been omitted from this table. 

The absolute value of the lowest state is 163634 cm.~^ with 
respect to 3d® ^D 2 i of Cu III. 

References 

A. G. Shenstone, Phj/s. Rev. 28, 382 (1927). Also unpublished material. 
R. J. Lang, Phys. Rev. 31, 773 (1928). 

A. C. Menzibs, Proc. Roy. Soc. A119, 249 (1928). 

P. G. Kritqbe, Phys. Rev. 34, 1122 (1929). 


Configuration 

Symbol 


Term 

value 




0 

0 


3(i» (2Dji)4s 

1 

3 

21925.0 

»I>3 


2 

2 

22843.6 


4s 

3 

1 

23994.7 




2 

26260.7 


3d» (“D) 4p 

1° 

2 

66414-9 



2° 

1 

67912.8 



3^^ 

3 

68444-1 



4^^ 

4 

68727.1 



6^ 

0 

68846.2 




2 

69864.3 



70 

3 

70837.5 



8" 

2 

71489.9 
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COPPER II 


Cu II 


(Concluded) 


Configuration 

Symbol / 

Term 

value 


Zd<‘ (-D) ip 

9° 3 

71918.3 



10** 1 

73098.3 



11° 2 

73349.3 



12° 1 

73893.1 



1 1 

92582.8 



2 5 

93640.6 



3 2 

93710.4 



4 4 

93733.9 



5 1 

93736.7 



6 3 

94151.7 



7 3 

94397.6 



8 4 

94442.7 



0 2 

94459.3 



10 ( 

94808.7? 



11 ] 

95303.1 



12 1 

95819.1 



13 ^ 

95954.9 



14 

96234.8 



15 

96244.3? 



10 : 

i 96555.4 



17 i 

2 96603.5 



18 ( 

[) 97508.8? 


3(1* ("OjO S'! 

1 

3 108008.7 

»D8 


2 

2 108329.6 

Hh 

eOil) Be 

3 

1 U0078.3 

H)i 


4 

2 110360.0 

^ 1)2 

3f/» <i« 

1 

3 133589.5 

Uh 


2 

2 133723.4 

Hh 

(■■“Oij) 0.f 

3 

1 135659.1 



4 

2 136764.8 

^Ih 

3d« (“Osj) 7.S 

1 

3 144808.3 



2 

2 144877.9 

^Ih 

7ii 

3 

1 146879.6 



4 

2 146930.5 

1 ^Di 

- 
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FI 


Z = 9 


9 electrons Is® 2s® 2p^ ®Pij° 

First ionization potential = 18.6 volts 

The analysis of this spectrum has been given by Dingle and 
by De Bruin; Dingle’s data are used here. 

Three different tables have to be given, as Dingle found three 
term systems between which no intercombinations are yet known. 

The first table contains the normal state 2s® 2p® ®Pii°, the 
state 2s 2p® ®)S, and states built upon the 2p^ ®P of F II. 

The second table contains states built upon the 2p* of F II, 
the lowest of which is 2p* {'■D) 3s ®D. It also contains two terms 
1 and 2, which lie lower than this last one and must be built 
on the 2p^ (*P) configuration of F II. 

The third table contains three levels which are built upon 
2p* (‘(S) according to Dingle. It must be remarked that the 
reality of the terms in the second and third tables, as well as 
their assignments, is not certain. 

The absolute value of the lowest state 2p® ®Pij° is given as 
about 150959 cm.-^ with respect to the 3p^ ®P of F II. 

References 

T. L. DE Britin, Zeits. /. Physik 39, 869 (1926). 

I. S. Bowen, Phys. Rev, 29, 231 (1927). Lowest state from ultra-violet 
observations. 

H. Din GEE, Proc. Roy. Soc. 117, 407 (1928). Classified lines. 


Configuration 

Symbol 

J 

Term 

value 

Ap 

2j)' 

2po 

u 

0 

^7.0 

-407.0 

2p< (sp) 3s 

^P 


102412.0 

-274.7 




102686.7 



i 

102846.7 

— 160.0 
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FLUORINE I 


F I 


(Concluded) 


Configuration 

Symbol 

J 

Term. 

value 

i\v 

2p* (»P) 3s 

2p 

14 

4 

104737.6 

105062.9 

-325,3 

3p 


24 

14 

4 

im2J^,2 

116047.1 

116149.8 

-122.9 

-102.7 

3p 

1 

*D° 

34 

24 

14 

4 

116993.6 
117170.2 

117314.7 
117398.1 

-176.6 

-144.5 

-83.4 

3p 

“23° 

24 

14 

117629.1 

117879.0 

-249.9 

3p 


§ 

118411.8 


3p 

<8“ 

14 

118484.0 


3p 

2pO 

14 

4 

118943.2 

119088.2 

-145.0 


Configuration 

Symbol 

J 

Term 

value 

Av 

2p* (>D) 3s 


24 

14 

0 

116.2 

-116.2 

3P 

ipo 

14 

12216.5 

-99.4 



4 

12315.9 

3p 

2J)0 

24 

14922.8 

-77.1 



14 

14999.9 

— 

1 

14 

-2417.5 

-43.0 


2 

4 

-2374.6 


Configuration 

Symbol 

J 

Term 

value 

Av 

2p‘ (IS) 38 

*/$ 

4 

0 


3p 

apo 

14 

13668.0 

-9.8 



4 

13677.8 
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FII 


Z = 9 


8 electrons Is^ 2s^ 2p^ ’P 2 

First ionization potential = 34.6 volts 


The classification is given by Dingle. Separate tables are 
given for the quintets, triplets, and singlets, because no inter- 
comhinations have been found. There are two tables for the 
singlets, one for those built upon 2p® and one for those built 
upon of F III. The triplets arise also from different 

states of F III and, as combinations between terms built upon 
different states are scarce, the relative position of these triplet 
terms is not quite certain. 

The absolute values, referred to 2p® ‘aSij of F III for the lowest 
level in each table are: 


sPs 

2p» {^S) 3s 
22J» 3s ID: 
2p» (P) 3s iP, 


280193 cm.- 
10B5S6 
65m0 

50435 


Reference 


H. Dingle, Proc. Roy. Soc, A128, 600 (1930). 


Configuration 

Symbol 

J 

Term value 

Av 

2p’ {*S) 3s 

650 

2 

0 


2p3 (4^) Zp 

5p 

1 

2 

3 

25955.45 

25966.78 

25986.33 

11.33 

19.55 

2p3 (45) Zd 

b])0 

4 

3 

2 

1 

0 

. dipsos. 88 

5Ji.50If.,79 

6 1^605. Q9 
6Ji.S06.67 
51^507.19 

-0.91 

-1.20 

-0.68 

-0.52 

2p® {^S) 4s 

650 

2 

58656.95 


2p3 (45) 4f 


1-5 

78048.9 
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FLUORINE II 


F II 


Configuration 

Symbol 

J 

Term value 

b.V 


zp 

2 

0 

-344 



1 

344 

-147 



0 

491 

2s 2p® 

3po 

2 

164798 

-306 



1 

166104 

-183 



0 

165287 

2s2 2p“ (*S) 3s 

zs^ 

1 

182868,00 


2s‘ 2p» (*»S) 3p 

zp 

1 

207702.71 



0 

207706.71 




2 

207707.41 


2p» (*jD) 3s 

SjQO 

3 

211869,42 

-21.07 



2 

mi890.4S 

-13.03 



1 

21 1903. 6S 

2p» (‘P) 3s 

Zpo 

2 

2S0074.es 

-1.61 


1 

230076.24 

-2.66 



0 

230078,90 

2p> (*S) 3d 


1 

2S 2066. 98 

0.80 


2 

232067.78 

2.08 


• 

3 

232069.86 

2p’ (“ZJ) 3p 

W 

1 

236182.16 

2.72 


2 

236176.87 

22.60 



3 

236198.37 

2p* {*S) 4s 

3^0 

1 

23696 4.4s 


2p® (“D) 3p 

zp 

4 

237610.71 

-0.81 


3 

237611.62 

-0,66 



2 

237612 . 17 

2p’ (*£>) 3p 

zp 

2 

240095.90 

-60.24 


1 

240166.36 

-26.57 



0 

240182.71 


zp 

0 

240667.90 

7.46 



1 

246065 . 35 

20.12 



2 

246685.47 

2p» (»P) 3p 


1 

253837.00 
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F n 


FLUORINE II 


{Concluded) 


Configuration 

Symbol 

/ 

Term value 


2p3 (2p) 3p 


3 

255226.10 

-15.06 


2 

256241.16 



1 

255247.76 

-6.60 

2p3 (2p) 3p 

sp 

0 

257777.7 

14.9 



1 

257792.6 



2 

257816.5 

zo.U 

2p3 (2/)) u ? 

3^0 ^ 

3,4,5 

2eW7.5 


2p» eD) 3<i ? 

Zpo 

2 

264955.92 

5.51 

7.28 



3 

264961.43 



4 

264968.71 



3 

2 

1 

265475.50 
265501 .54 
265519.94 

-26.04 

-18.40 

2p» 3(i 

3^0 

1 

266363.49 


2p» (»Z)) 3<i 

apo 

2 

1 

266457.07 
266501 .92 

-44.85 



0 

266519.15 

-17.23 

2p’ (?P) 3d 

Spo 

2,3,4 

278611.6 


2p’ (2P) 3(i 

apo 

0 

283420.8 

16.4 

34.5 



1 

283 437. 2 



2 

283471.7 

2p» (®P) 3i 

3/>o 

3 

287225.7 

-4.7 



2 

287230.4 



1 

287231.1 

—0.7 


Configuration 

Symbol 


Term value 

2p5 (2£>) 3s 

12)0 

2 

0 

2p“ (*D) 3p 

ip 

3 

20573.3 

2p» {^D)3p 

ip 

1 

23253.8 

2p» eD) 3p 


2 

31214.1 
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FLUORINE II 


F II 


{Concluded) 


Configuration 

Symbol 

/ 

Term value 

2p^ (2D) U 

iD° 

2 

61200,4 

2p3 (2D) 3d 

ipo 

1 

61478.9 

2p’(®-D)3d 

ipo 

3 

62330,6 

2p“ (2D) 4s 

iD° 

2 

66438,6 


Configuration 

Symbol 


Term value 

2p3 (2P) 3,s 

>;>» 

1 


— 

r 

1 


2p3 (2P) 3p 


0 

28377.8 

2p3 (2?) 3p 

ip 

1 

31701.8 

2p3 (2P) %'p 

u; 

2 

39110.2 

' 2393 C^P) Zd 

ipo 

1 

J6’.9,96*.ff 

2'p^ (^P) 

iD° 

2 

68436.2 
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Fill 


Z = 9 


7 electrons Is^ 2s^ 2p^ . 

In the second spark spectrum of fluorine, the transitions 
2s > 2s^ 2p^ were first found by Bowen, but no inter- 
combinations have been found. More recently, Dingle has 
found many new terms (again without inter combinations), but 
has not been able to connect these levels with the low levels 
found by Bowen. This necessitates the use of four separate 
term tables. 

In the doublets, the combinations 3d ^JP with 3p and 3p 
are not found, which makes both 3d ^P and 3s ^P uncertain. 
From Bowen^s lines, two lines at 162047 and 95271 seem possi- 
ble for the combinations 2s 2p^ and with 2p^ 3p ^P®, which 
would set 2p^ 3s ^Pj at 116114 with respect to 2p^ 

References 


I. S. Bowen, Phya, Reo, 29, 231, 1927. 

H. Dingle, Proc. Roy, Soc. A122, 144 (1929). 


Configuration 

Symbol 

J 

Term 

value 

Lv 

2^2 2p8 

4^0 

11 

0 


2s 2p* 

4p 


151897 

-342 



n 

152239 



i 

152416 

-177 


2s2 23)2 (SP) 3s 

*p 

i 

U 

0 

211.3 

530.2 

211.3 

318.9 

Zp 

4j[)o 

i 

31993.2 

114.9 

189.7 

258.9 



n 

22108.1 



n 

32297.8 



3i 

32566.7 
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FLUORINE III 


F in 


{Concluded) 


Configuration 

Symbol 

J 

Term 

value 


2s= (’P) 3p 

4po 

i 

34526.8 

94.3 

188.7 




34621 . 1 




S 4809. 8 

Zd 

iF 

n 

70550.0 

108.9 

156.0 

203.3 



2i 

70658.9 



3i 

70814.9 



a 

71018.2 

Zd 

*D 

i 

73411.1 

-40.1 

-2.6 

132.7 



li 

73371.0 



2i 

73368.4 



3i 

73501 . 1 

Zd 


i 

74337.9 

71.2 

141.7 



li 

74266.7 



2i 

74125.0 


2p3 

22)0 

li.2i 

0 



2po 

i. li 

17462 


2»2p‘ 

2/) 

li, 2i 

176149 



22> 

li 

i 

232479 

232869 

-390 


2«« 2p'-' (“7') Zi* 

2/> 

i 

li 

0 

385.4 

385.4 

Zp 

22>o 

li 

31489.7 

390.4 



2i 

31880.1 

Zp 

ipo 

i 

35856.3 

86.9 



li 

35943.2 

Zp 


i 

36897.3 


Zd 

2 F 

2i 

66765.7 

369.9 



3i 

67135.6 

Zd 

w 

li 

70776.2 

118.0 



2i 

70894.2 

Zd 

ip 

li 

81982.4 

-212.4 



i 

82194,8 
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F IV 


Z ^9 


6 electrons Is^ 2s^ 2p^ ®Po 

This classification has been given by Bowen and has been 
found by extrapolation of a group of isoelectronic spectra. 

Reference 


I. S. Bowen, Phys. Rev. 29, 231 (1927). 


Configuration 

Symbol 

J 

Term 

value 

Av 

2s2 2p2 

zp 

0 

0 

233 



1 

233 

182 



2 

415 

2s 2p* 

32)0 

1,2,3 

147916 


2s 2p8 

Zpo 

0, 1,2 

175H5 


2s 2p8 

3^0 

1 

miu 
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Fel 


Z = 26 


26 electrons 15^ 2s^ 2p^ Zp^ Zd^ 4s- ^Di 

First ionization potential = 7.88 volts 

The classification of this complicated spectrum by Laporte was 
one of the first triumphs of the modern theory of spectra. The 
terms in this paper have been taken from the very complete 
paper by Burns and Walters. For a few multiplets the assign- 
ment of electron configurations is not quite certain. 

The absolute value of the lowest state is about 63400 cm.""^ 
with respect to 3d® 4s of Fe 11. 

Even multiplets of the same kind have been lettered a, &, 
c, ... in order of occurrence; the odd ones, Zy x, . . . To 
facilitate reference to the classified lines of Bums and Walters, 
the “name^^ which they gave to unassigned levels has been 
included in the last column. 

References 

F. M. Walters, Joum. Wanh. Acad. Sd. 13, 243 (1023). First multiplets. 
0. Laporte, ZdtH. f. Phydlc 23, 135 (1924). Classification. Zeits. f. 
Phys. 26, 1 (1924). Classification. Proc. Nat. Acad. Sci. 12, 496 
(1926). Discussion of classification; additional references. 

W. F. Meggers, Astrophya. Journ. 60, 60 (1924). Connection between 
classification and standard wave lengths. 

H. N. RusselXj, Journ. Opt. Soc. Ain. 8, 245 (1924). Ionization potentials. 
C. E. Moore and H. N. Russell, Aatrophys. Journ. 68, 151 (1928). Term 
table. 

K. Burns and F. M. Walters, Publications^ Allegheny Observatory, vol. VI, 
no. 11, p. 159 (1029). 


Configuration 


Symbol 


/ 


Term value 




4«2 


aW 


4 

3 

2 

1 

0 


0.000 

416.934 

704.001 

888.126 

978.068 


-415.934 

-288.067 

-184.125 

-89.942 
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Fe I 


IRON I 


Configuration 

Symbol 

J 

Term value 

Ay 


Zd-^ i^F) 4s a 


SdH^F)4:8 a^F 


3dM^P)4s a«? 


3d« 4s («I>) 4p 2 


3d’ (2F) 45 \ 


3d«4s(«I>)42) 2 ’r 


3d’(4P)4s 6 3P 


5 6928.272 

4 7376.772 

3 7728.068 

2 7985.791 

1 8154.717 

4 11976.261 

3 12560.948 

2 12968.570 

3 17550.207 

2 17727.011 

1 17927.408 

2 18378.215 

1 19552.493 

0 20037.844 

5 19350.899 

4 19563.457 

3 19757.037 

2 19912.510 

1 20019.654 

6 19390.197 

5 19621.036 

4 19788.280 

4 20641.144 

3 20874.621 

2 21039.021 

5 21716.770 

4 21999.167 

3 22249.461 

6 22660.447 

5 22845.889 

4 22996.696 

3 23110.952 

2 23192.516 

1 23244^855 

0 23270.405 

2 22838.360 

1 22946.860 

0 23051.790 


-448.500 

-351,296 

-257.723 

-168.926 


-584.697 

-407.622 


-176.804 

-200.397 


-1174.278 

-485.351 

-211.558 

-194.680 

-155.473 

-107.144 

-230.839 

-167.244 

-233.377 

-164.500 

-283.397 

-250.294 

-195.442 

-150.807 

-114,256 

-81.564 

-52.339 

-25.550 
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-108.500 

-104.930 




IRON I 


Fe I 


Configuration 

Symbol 


Term value 



3<Z®45(®D)4p 


i^G) 45 6 


3d» 4s («D) 4p 2 


3de4s(*D)4p 2 


3dfi4s(6Z)) 4p 2 


3dfl4sOD)43J 2 


3dHs(^D)4p 2®D® 


3dU'^)4?; 


3dM^i^)4p 2/»r 


4 2S711.Jf.75 

3 24180. 88 Jf. 

2 24606. 9S9 

6 23783.654 

4 24118.854 

3 24338.805 

2 24335.804 

4 24574,690 

2 24772.060 

4 25900.003 

3 26140.198 

2 26339.709 

1 26479.394 

0 26560.492 

5 26874.670 

4 27166.841 

3 27394 >710 

2 27659.603 

1 27666.363 

3 29066.352 

2 29469.044 

1 29732.758 

4 31307.277 

3 31805.100 

2 32134>020 

3 31322.637 

2 31686.380 

1 31937.353 

4 32096.976 

3 33607.161 

2 85501 .6W 

1 3Ji017.136 

0 34121.633 

5 33696.439 

4 34039.648 

3 3Jt.328.787 

2 34647.2Jf3 

1 34692.177 


-469.409 

-326.055 

-335.200 

-219.951 


T- 240. 195; 
-199.511 
-139.685 
-71.098 

-292.271 

-227.869 

-164.893 

-106.760 

-412.692 

-263.714 

-497.823 

-328.920 

-363.743 

-250.973 

-411.185 

-294.447 

-215.528 

-104.497 

-344.119 

-289.239 

-218.456 

-144.934 
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Pe I 


IRON I 


{Continued) 


Configuration 


Symbol 


Term value 


Av 


3^8 4s OZ)) 4p 


{}F) 4p 


{^F) 4p 


3^7 (42r) 4p 


3cZ® 4s (^jD) 423 


3^7 {iF) 4p 


3^6 4s CD) 423 


3ti7 (4p) 4p 

3^8 45 CD) 423 


(4P) 42? 




2 ^ 


2 ^cr 


yZF^ 


yspo 




a;8D° 


2 6>Sf® 
x^F^ 


^6po 


2 

1 

0 

6 

5 

4 

3 
2 

5 

4 

3 

4 
3 
2 

3 

2 

1 

3 
2 
1 

4 
3 
2 
1 
0 


33947.96S 

84363.890 

84666.631 

84843.984 

84783.454 

85367.851 

85611.656 

85866.431 

85879.346 

35767.608 

36079.411 

86686.317 

37163.787 

37621.301 

36767.007 

37167.604 

37409.688 

38176.391 
38678. 076 
38996.771 

39636.847 

39969.896 

40331.378 

40404.561 

40491.829 

40895.036 

40367.367 

40594.453 

408 42. 185 

410 18. 066 

41130.663 

42533.795 

42869.829 
43079.081 


-414.925 

-192.731 


61.530 

-474.897 

-354.305 

-244.775 


-388.357 

-311.808 


-476.570 

-358.414 


-390.597 

-251.979 


-502.684 

-317.696 


-344.049 

-241.482 

-173.183 

-86.768 


-337.086 

-247.732 

-175.871 

-112.607 


-327.034 

-219.252 
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IRON I 


Fe I 


{Continued) 


Configuration 


Symbol 


J 




6 

5 

4 

3 

2 


Term value 


Av 


42784.387 

42911.918 

48022.998 

43137.611 

43210.044 


-127.531 

-111.080 

-114.513 

-72.533 


3d« 4s («D) 5s 


a'^D 


5 

4 

3 

2 

1 


42815.890 

43163.360 

43434.662 

43633.566 

43764.017 


-347.470 

-271.302 

-198.904 

-130.451 


3d7 (^P) 4p 




4 

3 

2 

1 

0 


43499.634 
43922.722 
44183.676 
44411 .224 
44468.90 


-423.188 

-260.954 

-227.548 

-47.676 


4® 

5“ 

6° 

7° 

8« 

9® 

lO'’ 

IV 

12 ® 


5 

4 

3 

5 
2 

4 
2 
3 
2 


43600.49 

44022.60 

44166.29 

44243.72 

44286.62 

44419.12 
44611.888 
44961.41 

44964.12 



54R 


53R 


52R 


50R 


45R 


49R 


55R 


48R 


51R 


3d« 4s (8D) 5s 


h 


4 

3 

2 

1 

0 


44677.035 

45061.360 

45333.905 

45509.182 

45595.112 


-384.325 

-272.545 

-175.277 

-85.930 


13° 

14° 


44760.85 

46024.23 


6/?o 47R 

46R 


xHr 


3 49220.738 
2 49281.889 
1 46561.833 


-61.151 

-269.944 


3(2^ 4p 




5 

4 

3 


46294.902 

46428.456 

45663.026 


-133.554 

-134.570 
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Fe I 


IRON I 


{fiontinued) 



196 




moN I 


Fe I 


{Continued) 


Configuration 

Symbol 

J 

Term value 

Av 

^d’’ i*F) 5s 

c 

4 

47960.973 

-570 

923 



3 

48531.896 

-396 

527 



2 

48928.423 





26° 

3 

4.7966,633 

Spo 

6R 


27° 

1 

47976.60 


44R 


28° 

2 

48163,609 

spo 

5R 


29° 

— 

48331.2& 


43R 


30° 

2 

48338.903 


4R 


31° 

1 

48289,919 

6po 

3R 


32° 

2 

48304.707 


2R 


33° 

— 

48361 .92 


42R 


34° 

3,4 

48476.76 


41R 


35° 

1 

48616.06 


IR 


36° 

— 

48702.542 


40R 


37° 

4 

49108.960 


38R 


38° 

3 

49135.090 


37R 


39° 

— 

49198.40 


39R 


40° 

3 

49242.950 


35R 


41° 

1 

49297.67 


36R 


42° 

6 

4B4H-224 

8/Jo 

34R 


43° 

6 

49460.970 

SQO 

33R 


44° 1 

5 

49604-476 

ZJJO 

31R 


45° 

4 1 

49627.941 

HP 

32R 


46° 

2 

49710,64 


30R 


47° 

4 

m 27. 058 

ZQO 

29R 


48° 

3 

49860.69 

ZQO 

28R 


49° 

2 

60186,973 

spo 

56R 


50 

6 

60342.180 

IF 

53W 


51 

6 

60377.935 


34W 


52 

— 

60423.185 


33W 


56 

6 

60476.323 

W, W 68W 


54 

6' 

60522.988 


46W 


65 

3 

60634.435 

W 

32W 


66 

3 

60611.303 


31W 


57 

5 

60667.28 

W 

SOW 


58 

3 

60698.666 


29W 


59 

5 

60703.912 


28W 


60 

4 

60808.063 

W 

27W 


61 

5 

60833.485 

W 

25W 


62 

3 

60861.374 

W 

26W 


63 

1 

50880. 162 


22W 


64 

2 

60884.258 

ip 

21W 
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IRON I 


iB'e 1 


{Continued) 


Configuration 

Symbol 

J 

Term value 

Av 



65 

6 

50967.873 

7F 

23W' 


66 

3 

50979.627 


59W 


67 

2 

50998.686 

ip 

20W 


68 

2 

51048.144 


19W 


69 

5 

51103.237 

BF 

18W 


70 

3,4 

51148.892 


17W 


71 


51148.952 


17W 


72 

4 

51192.320 

ip 

lew 


73 . 

1 

51208.039 

W 

43^ 


74 

3 

51219.059 


14W 


75 

4 

51228.595 


13W 

3d* 4s (<D) 5s 

aW 

3 

2 

1 

51294.262 

51739.964 

52039.939 

-445.702 

-299.975 



76 

2 

51331.090 


IIW 


77 

2 

51370.184 

sp 

9W 


78 

4 

51334.950 


low 

4s i^D) 68 

c 

4 

51350.539 

-420.064 



3 

! 51770.603 

-279.274 



2 

52049.877 

-164.519 



1 

52214.396 


42.993 



0 

52257.389 



— 

79 

2 

51460.572 


42W 


80 

2 

51461 .707 


8W 


81 

1 

51539.712 

rp 

41W 


82 

2 

51570.153 

ip 

7W 


83 

3 

51604.146 

5F 

56W 


84 

2 

51705.052 

BP 

6W 


85 


51754.534 


57W 


86 

3 

51837.239 

BP 

4W 


87 

2 

51837.40 

Bp 

3W 


88 

1 

52019.706 

BP 

2W 

— 

89° 

1 

sm2.44 


57R 


90 

5,6 

53061.365 

BP 

47W 


91 

5 

53155.194 

Bp 

36W 

— 

92 


53169.190 


48W 


93 

4 

53281.735 

BP 

39W 


94 

3 

53393.715 

BP 

37W 
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IRON I 


Fe I 


{Concluded) 


Configuration 

Symbol 

J 

Term value 

Av 



95 

3 

53545.882 

38W 


96 

2,3 

53568.812 

62W 


97 

3 

53718.794 

54W 


c 

5 

53739.488 

-327.086 

-312.859 


4 

3 

54066.574 

54379.433 



98 

3 

53747.547 

3F, 3D 55W 


99 

3 

53769.020 

40W 


100 

2,3 

53831.031 

63W 


101 

3 

53966.720 

61W 


102 

2 

54066,821 

45W 


103 

3,4 

54087.713 

51W 


104 

2,3 

54161.182 

^F 49W 


105 

1,2 

54257.562 

64W 


106 

2 

54375.719 

^F 50W 

— 

c 3D 

3 

64683.369 

-441.605 



2 

55124.974 

-253.868 



1 

55378.842 

— 

107 

3,4 

64721.36 

52W 

— 

c 3? 

2 

54879.720 

-496.397 



1 

55376.117 
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Fell 


2 = 26 


25 electrons Is® 2s® 22 ?® 3s® 3p* 3(i® 4s ®Z) 4 j 

First ionization potential = 16.5 volts . 

This classification has been given according to Russell. The 
lowest state has been estimated to be 133,000 cm.~^ with respect 
to the 3d® ®D of Fe III. 

References 

H. N. Russell, Astrophys. Joum. 64, 194 (1926). Term values and classi- 
fied lines. 

H. N. Russell, Astrophys. Joum. 66, 233 (1927). Ionization potentials. 
W. F. Mbgqebs and F. M. Walters, Jb., Bur. Stand. Sci. Papers 22, 205 
(1927). 
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IRON II 


Fe n 


Sd® (»F) 4s 


3d‘ 4s» 


3d« (»(?) 4s 


3(i» (»£)) 4s 


Symbol 

J r 

lerm value 

h 

4i 

22637.15 


3i 

22810.28 


2i 

22939.21 


li 

23031.25 

a^S 

2i 

23317.61 

aV 

5i 

26428.78 


4i 

25805.21 


3i 

26981.61 


2i 

26055.35 


IJ 31364.31 
i 31368.30 
2J 31387.82 
3i 31483.10 


3d« (»!>) 4p « ‘£>° 4i S8458.88 
3i 88659.93 
2i 38858.84 
li 39013.08 
i 39109.13 


-173.13 

-128.93 

-92.04 


-376.43 

-176.30 

-73.84 


-201.05 

-198.91 

-154.19 

-96.10 


3d« (‘O) 4p « 


5i 41968.05 
4i 42114.83 
3i 42237.00 
2i 42334.62 

li 42401.20 
J 42439.71 


-146.78 

-122.17 

-97.62 

- 66.68 

-38.61 


3d« C'D) 4p 


3i 42658.26 
2i 43238.52 
li 43620.98 


-580.26 

-382.46 


3d« ('O) 4p 


4i 44232.52 
si 44753.72 
2i 1^5079. 77 
li 45289.76 


-521.20 

-326.06 

-209.99 


3d» (“D) 4p 


3i 44446.81 
2i 44784.62 
li Jt5044. 16 
i 45206.38 


-337.81 

-259.63 

-162.23 
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Fe II 


IRON II 


{Concluded) 


Configuration 

S3nnbol 

J 

Term value 

A. 

Sd" (^D) 4j> 

;s 

2i 

u 

46967.29 

47389.63 

-422.34 

-236.29 




47626.92 

— 

y^r 

3i 

65696.28 

66376.91 

-681.63 

-453.41 




66830.32 

-234.54 




67 06 4 M 
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Fe V 


22 electrons 

One multipled of Fe 

H. E. White, Phys. Rev. 3 
Configuration Symbol 
3^3 4s 1 

HP 


3^3 {<F) iy 
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Gal 


Z = 31 


31 electrons Is^ 25 ® 2p® 35^ 3p® 3d^° 4s^ 4^) 

First ionization potential = 5.97 volts 

A part of this classification is given in Fowler and Paschen- 
Gotze. 


References 


H. S. Uhlee and J. W. Tanch, Astro'phys. Joum. 66, 291 (1922). 
R. A. Sawyee and R. J. Lang, Phys. Rev. 34, 718 (1929). 



Symbol 


Term 


Configuration 

J 

value 

Ap 


2pO 

\ 

48S79.8 

826.0 



u 

47SSS.8 

5a 


i 

23591.6 


4d 


U 

13598.3 

5.9 



2i 

13592.4 

6a 


i 

10795.0 


4a 4 p 2 

4p 

i 

10408 

366 

675 



li 

10042 



2i 

9467 

4a 4 p 2 


i 

8115 



2po 

i 

8004 -S 

41.1 



li 

7963.2 

5d 

w 

li 

7677.1 

8.4 



2i 

7568.7 

7s 


i 

6222.0 


7p 

2po 

i 

4989. 8 

20.9 



li 

4918.4 
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GALLIUM I 


Ga I 


{Concluded) 


Configuration 

Symbol 

J 

Term 

value 

Lv 

6c? 

W 

li 

4806.2 

54.9 



2| 

4801.3 

8.S 

2/Sf 

h 

4848.6 


7d 

2D 

li, 2i 

3305.0 


Qs 


i 

2849 


8d 

2D 

li,2i 

2354 
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Ga II ^ = 31 

30 electrons ls“ 2s^ 2p« 3s=“ 3p‘ 3d^'> 4s® 

First ionization potential = 20.43 volts 

This classification is given by Sawyer and Lang. The absolute 
values are given with respect to 3d“ 4s ®;Si of Ga III. 

Reference 


R. A. Sawtee and R. J. Lang, Phys. Rev. 34, 712 (1929). 



Symbol 


Term 

Av 

Configuration 

J 

value 

4s2 


0 

165458 


4s 4p 

8po 

0 

118088 

446 



1 

11764^ 

934 



2 

116708 

4« 4p 

ipo 

1 

H768 


4s 5s 


1 

62515 


4s 5s 


0 

58802 


4s 4d 


2 

57739 


4s 4d 

W 

1 

51642 

25 



2 

51617 

34 



3 

51583 

4p2 

sp 

0 

50757 

524 



1 

50233 

912 



2 

49321 

4s 5p 

3p«> 

0 

47081 

89 



1 

48948 

210 



2 

46738 

4s 5p 

ip® 

1 

44918 

. 



GALLIUM II 


Ga n 


{Concluded) 


Configuration 

Symbol 

J 

Term 

value ^ 

4s 6s 

3/S 


1 

32446 

4s M 

32> 


1 

28304 - 




2 

28292 




3 

28275 

4^8 4d‘ 

zpo 

2, 

3,4 

28126 

4s if 

ipo 


3 

28116 

4s 6d 

ID 


2 

25764 

4s 7s 

3/S 


1 

19965 

4s 7s 

1/S 


0 

19445 

4s 6/ 

SPO 

2, 

CO 

17976 

4s 6/ 

ipo 


3 

17966 

4s Qd 

3D 


1 

17942 




2 

17934 1 




3 

17925 

4s 7d 

ID 


2 

17021 

48 7p 



1 

16626 

4s 6/ 

3po 

2, 

3,4 

12468 

4s 7d 

3D 


1 

12397 

4s 8s 

3/S 


1 

13639 

4s 8s 

1/S 


0 

13265 
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Ga III 


Z = 31 

29 electrons Is^ 25 * 2p« Ss^ Sp® 3d“ 4s ^(Sfj 

Ionization potential = 30.6 volts 

These terms have been taken from a paper by Rao. The 
lowest state is estimated to be 247800 cm.-b 

References 

K. R. Rao, Proc. London Phys. Soc, 39, 150 (1927). 

R. J. Lang, Phys. Rev. 30, 762 (1927). 

K. R. Rao, A. L. Naratan, and A. S. Rao, I Indian Journ. Phys. 2, 483 
(1928). 


Configuration 

Symbol 

J 

Term 

value 


4s 


i 

0 


4p 

2pO 

i 

65161 

1713 


li 

66874 

5s 



140733 


U 


li 

144076 

112 



2i 

144188 

5p 

2po 

i. 

160761 

161290 

JS ^23 (Lang) 


2po 

2i! 

185421 

i ■ 



3i 

1854^7 

0 

6s 


i 

187562 


6d 

w 

U 

189173 

63 



2§ 

189236 

5g 


3i,4i 

208242 
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Ga IV 


Z = 31 


28 electrons Is^ 2s^ Sp® % 

First ionization potential = 63.9 volts 

This classification is taken from the work of Mack, Laporte, 
and Lang. The lowest state has been given a negative value, 
because its position is not known with accuracy. The absolute 
value of the lowest state is about 517000 cm.”^ with respect to 
3d^ of Ga V. 

Reference 


J. E. Mack, 0. Lapobte, and R. J. Lang, Phys, Rev. 31, 748 (1928). 


Configuration 

Symbol 

J 

Term 

value 

Lv 



0 

-149298 


Zd^ 4s 

«Z) 

3 

2 

1 

0 

1456 

3675 

-1456 

-2120 

4:8 

W 

2 

6612 


3d® 4p 


2 

1 

0 

747SO 

77811 

796S1 

-3081 

-1820 

4p 


3 

78172 




4 

7HU 




2 

809S0 


4p 

Hr 

3 

83678 

-636 

-3080 



2 

1 

84314 

87304 

42? 


3 

83426 


42? 

Xpo 

1 

86801 


42? 


2 

87946 
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Gel Z = 32 

32 electrons Is^ 2s^ 2p^ 3s^ 3p® 45 ^ 4p^ ^Pq 

Ionization potential = 8.09 volts 

The classification has been taken from Rao’s paper. Some 
terms are marked as uncertain. The absolute value of the 
lowest term is given as 65558 cm.“^ with respect to ip of 
Ge II. 

References 


C. W. Gabtlbin, Phya. Reu. 31, 782 (1928). 
K. R. Rao, Ptoc. Roy. Soc. A124, 465 (1929). 


Configuration 

Symbol 

J 

Term 

value 

Av 

4s2 4p2 

sp 

0 

0 




1 

557.1 

557.1 



2 

1409.9 

852 . 8 

4s^ 423* 


2 

7125.9 


4s* 4p* 

^8 

0 

16367.1 


4s* 4p 5s 

Spo 

0 

1 

37451.6 

37701.2 

250.6 



2 

39117.7 

1415.5 

4s* 4p 5s 

ipo 

1 

40020.3 


4s* 4p 4d 

12)0 

2 

48479.7 


4s* 4p 4d 

3£)0 

2 

48881.9 




1 

48962.3 




3 

49144-1 


4s* 423 4d 

3po 

2 

50068.7 




3 

50322.8 

254.1 
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GERMANIUM I 


Ge I 


{Continued) 



Symbol 


Term 


Configuration 

/ 

value 

4s 2 4p id 

zpo 

2 

614S7.4 

-267.2 



1 

SI 704. 6 

-275.2 



0 

S 1979. 8 

ip 6s 

zpo 

1 

52148.2 

-22.1 



0 

52170. S 



2 

53910.6 


ip id ? 

i/r® 

3 

62592.0 


ip id 

ipo 

1 

62847.0 


ip 6s 

ipo 

1 

64174.8 


ip 5d 

3D® 

2 

66372.4 

- 97.3 



1 

66469.7 



3 

55685.6 


is ip^ 

ipo 

1 

55473.6 


4s2 ip hd ? 

ID® 

2 

56717.6 


4s 4p» ? 

ap® 

2 

66664.9 

-742.2 



1 

67397.1 

-278.0 



0 

57676.1 

4s2 ip 6d! 

spo 

3 

56828.3 


ip 7s 

apo 

1 

66920.6 

-246.9 



0 

67166.5 



2 

68931.4 


ip fid 

zpo 

2 

67178.6 

-262.2 



1 

57480.7 

-266.4 



0 

76696.1 

ip 5d 

Ipo 

1 

68056.6 


is 4p3 ? 

ID® 

2 

68091.3 


4sa4p 5d!? 

ipo 

3 

68941.8 
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Ge 1 


GERMANIUM I 


{Concluded) 


Configuration 

Symbol 

J 

Term 

value 

Ax/ 

4s® 4p 7s 

ipo 

1 



— 

I*’ 

? 

69522:5 


4s 4p® 


3 

69666.1 

-33.0 



2 

59688.1 

Qft ft 



1 

59724.7 

— OD .D 

4s® 4p ? 

ijr)o 

2 

60885.2 


4p 6(i 

ipo 

1 

61161.9 


— 

2“ 

? 

61260.9 


4p 6(i? 

ip® 

3 

61266.8 


4p 8s 

ipo 

1 

6 1842. 8 
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Gell 


Z = 32 

Is^ 2s* 2p« 3s* 325® 4s* 4p *Pi' 


31 electrons 

First ionization potential = 15.9 volts 

This classification is from the work of Lang. Rao and Narayan 
have found a term at 74699 cm.-”- which they attribute to 
4 s425*<Pi, but only from 2 lines. The absolute value of the 
lowest state given by Rao and Narayan, is 128635 cm.~* 

References 


R. J. Lang, Proc. Nat. Acad. Sci. 14:, 32 (1928); Phys. Rev. 34:, 697 (1929), 
K. R. Rao and A. L, Narayan, Proc. Roy. Soc. A119, 607 (1928). 





Term 

Av 

Configuration 

Symbol 

J 

value 

4s2 4p 

2po 

i 

0 

1768 



li 

1768 

4^2 Ss 

®>Sf 

i 

62402 


4s 4p^ 

W 

li 

65013 

168 


2i 

65181 

4s® 5p 

apo 

i 

79006 

360 


li 

79366 

4s2 4d 

®D 

li 

80834 

176 



2i 

81010 

4s 4p® 

®iSf 

i 

86396 


4s 4p® 

®P 

i 

91010 

1107 



li 

92117 

4s® 6s 

®/S 

i 

94780 


4s® 5d 

®Z) 

li 

100088 

42 



2i 

100130 

4s® 4/ 

2^0 

2i, 3i 

100316 



213 




Ge III 


^ = 32 


30 electrons 2^2 2'p^ 3^2 3^6 3 ^^io 4^.2 

First ionization potential = 34.07 

This classification has been taken from a paper by Lang. The 
lowest state is estimated at 276036 cm.“^ 

Reference 


R. J. Lang, P%s. Pew. 34, 697 (1929). 


Configuration 

Symbol 

J 

Term 

value 

Av 

4s2 


0 

0 


4s 4p 


0 

6 ms 

763 

1642 


1 

2 

62496 

64IS8 

4p 

Ipo 

1 

91873 


4(f 


2 

144972 


4p2 

zp 

0 

147691 

953 



1 

148644 



2 . 

160373 

1729 

4p2 

ID 

2 

148776 


4s 6s 


1 

158576 


4(f 

3D 

1 

162851 

71 



2 

162922 



3 

163028 

96 

5s 


0 

167450 


5p 

zpo 

0 

181871 

168 



1 

182089 



2 

182498 

359 


214 



GERMANIUM III 


Ge III 


{Concluded) 


Configuration 

Symbol 

J 

Term 

value 

A :/ 

4s 5p 

ip° 

1 

184S09 


42? 4d 

1£)0 

2 

197122 


4s 4/ 

32 ?’° 

2 

210456 

18 

63 



3 

210473 



4 

210636 

4s 4/ 

12 ?*° 

3 

210531 


4s 6s 


1 

211149 


4p 4d 

ipo 

1 

212359 


4s 5d 

3 D 

1 

213133 

CO 



2 

213164 



3 

213208 

4p 4rf 

ipo 

3 

213579 


4s 5^ ? 


4 

234910 ? 


5flr? 


3, 4,5 

234928 ? 


4d2 

'D 

2 

235908 
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Ge IV 
29 electrons 


Z = 32 

2s2 2p6 3^2 3^6 3^10 4s 2 ^^ 

Ionization potential = 45.5 volts 

The classification is given by Lang. The absolute value of 
the lowest state is about 368700 cm.”"^ with respect to ^Sq of 
Ge V. 

Reference 


R. J. Lang, Phys. Rev. 34, 697 (1929). 


Configuration 

Symbol 

— 

/ 

Tenn 

value 

6 .V 

4s 



0 


4p 

2po 

§ 

li 

81316 

84103 

2788 

M 

W 

14 

190607 

254 



24 

190861 

5s 


4 

199269 


5p 

2po 

4 

826459 

938 



14 

227S97 


2po 

24 

857496 




34 

857501 

5 

dd> 4s2 


24 

14 

259942 

264446 

-4503 

3^10 5d 

W 

14 

266637 

80 



24 

266717 

6* 


4 

270058 


Bp 

2po 

4 

88S881 

542 



14 

883763 

5g 

2(7 

34,44 

298379 ? 
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Ge V 


Z = 32 


28 electrons Is^ 2s^ 2p^ 3p« % 

First ionization potential approximately 90 volts 

The classification is given by Mack, Laporte, and Lang. The 
lowest state has not been found. The absolute value of the 
3c?® 4s state is given as 503000 cm."^ 


Reference 

J. E. Mack, 0. Laporte, and R. J. Lang, Phys. Rev. 31, 748 (1928). 


Configuration 

Symbol 

J 

Term 

value 


3d® 4s 


3 

0 




2 

1740 

-1740 



1 

4636 

-2796 

4s 


2 

7716 


3d® 42? 

zpo 

2 

1 

89S41 

98624 

-4083 



0 

9611 1 

-2487 

42? 

zpo 

3 

98636 




4 

95648 




2 

96674 


4p 


3 

2 

100956 

101818 

-362 



1 

105828 

—4006 

42? 


3 

102961 


42? 

ipo 

1 

104024 


42? 

ID*’ 

2 

106080 
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HI 


Z = 1 


1 electron Is 

Ionization potential = 13.529 ± 0.006 volts. 


The energy states of atomic systems consisting of a nucleus 
and a single electron are given by the following formula 

=;.C=ri + 

he [ (« - i - § + v(i + 1)' - z‘^yl 

E 

^ is the term value in cm.“^ 

a = = (7.284 + 0.006) -lO-s 


the Sommerfeld fine-structure constant, and 

_ Mm 
^ ~ M + m 

the reduced mass, M being the mass of the nucleus, m the mass 
of the electron. 

Each level is characterized by the quantum numbers n, and 
j. The quantum number j is the total angular momentum, the 
resultant of the orbital moment I and the spin moment s. The 
possible values are 

71 = 1, 2, etc. 

J = 0, 1, 2, etc., to — 1. 

j = I + 2 , and I - i, but for I = 0, j = | only. 

It is of importance to note that the two levels with the same 
value of n and j have the same energy, even though their I 
values are different, namely i + | and i — J. 

For practical purposes one can use the first terms of the expan- 
sion of the above formula and obtains 


E{n,l,j) _ 

RZ^ 

1 Rcc’^Z^ 

£ _ 

^ ] 

^ 2 / 

^1 + -^ 


471 
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HYDROGEN I 


The term with arises from electron spin and relativity correc- 
tions, and 

R = - 109737.42 ± 0.06 cm.“i 


is the Rydberg constant. 
For hydrogen, 

ff ^ 


= 109677.759 + 0.05 cm 


The term formula becomes for this case 
E (n,lj) ^ 109677.759 ± 0.05 5.820 ± 0.009 / 3 

he 71^ V4r 


(4-j^) 


In hydrogen, special names are used for the series of lines 
according to the quantum number n of the final level. 

Final level n = 1 : Lyman series, far ultra-violet. 

n — 2: Balmer series, visible and near ultra-violet, 
n = 3: Paschen series, infra-red. 
n = 4: Bracket series, far infra-red. 
n = 6 : Pfund series, far infra-red. 

The term with causes the lines to possess a fine structure, 
which in the case of hydrogen could only be observed for the 
levels with n = 2 in the first few lines of the Balmer series. 


References 

FowLBii, Paschen-Gotze. 

W. Gkotrian, “Graphischo Darstellung der KSpektren,” Berlin, Springer 
(1928). 

F. S. Bracket, Astrophys. Journ, 66, 154 (1922). 

A. H. PoETKER, Phys. Rev. 30, 418 (1927). Extension of Bracket series. 

A. H. Pfund, Journ. Opt. Soc. Am. 9, 139 (1924). 

G. Hansen, Ann. d. Physik 78, 558 (1925). Fine structure. 

W. V. Houston, Astrophys. Journ. 64, 81 (1926). Fine structure. 

N. A. Kent, L. B. Taylor, and H. Pearson, Phys. Rev. 30, 266 (1927). 
Fine structure. 
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He I 


Z = 2 


2 electrons 

First ionization potential = 24.465 volts 

The classification of this spectrum can be found in Fowler and 
in Paschen-Gotze. The lowest state has been discovered more 
recently by Lyman. The fine structure of several low triplet 
states has been resolved and the separations are given in the 
last column. 

Two types of tables are given, the first containing only the 
lowest terms, followed by the complete set of terms in series 
arrangement. 

One intercombination line has been found by Lyman. 
References 

T. Lyman, Astrophys. Joum. 60, 1 (1924). 

W. V. Houston, Phys. Rev. 29, 749 (1929). 

P. G. Kruger, Phys. Rev. 36, 855 (1930). 

J. J. Hoppibld, Astrophys. Joum. 72, 133 (1930). 


Configuration 

Symbol 

J 

Term value 

A*' 

ls2 


0 

198298 


Is 2s 

^8 

1 

38454.682 


Is 2s 

^8 

0 

32033.30 


Is 2p 

zpo 

2, 1,0 

SSS^S.87 

-0.071,-0.992 

Is 2p 

ipo 

1 

27 17 B. 862 


Is 3s 

^8 

1 

15073.92 


Is Ss 

^8 

0 

13445.92 


Is Sp 

spo 

2, 1, 0 

12748.08 

-0.02,-0.27 

Is 3d 

1 ■ 


3, 2, 1 

12209.09 

-0.06,-0.02 
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HELIUM I 


He 1 


(Concluded) 


Configuration 

Symbol 

J 

Term value 

A*/ 

IsSd 

ID 

2 

12205.78 


Is 3p 

ipo 

1 

12101.38 


Is 4s 


1 

8012.54 


Is 4s 


0 

7370.50 


Is 4p 

3po 

2, 1,0 

7093.58 


Is 4rf 

3D 

3, 2, 1 

6866.17 

o 

o 

1 

CO 

o 

d 

1 

ls4d 

ID 

2 

6864.29 


Is 4/ 

3po 

4, 3, 2 

6858.22 


Is 4/ 

Ipo 

3 

6857.76 


Is 4p 

ipo 

1 

6818.05 
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He I 


HELIUM I 


S£f!RJOBS 


1S2 1^0 


198298 


Is ms 


Is mp 


Is md 

m| 

’Si 

'So 


m 

Zpo 

ipo 


m 

3D 

ID 

2 

38454.682 

32033.30 


2 

mss. 87 

27176.852 





3 

15073.92 

13445.94 


3 

m 46.08 

12101.38 


3 

12209.09 

12205.78 

4 

8012.54 

7370.50 


4 

ms. 5 8 

6818.05 


4 

6866.17 

6864.29 

5 

4963.67 

4647.22 


5 

^609.9S 

4368.25 


5 

4393.52 

4392.46 

6 

3374.54 

3195.83 


6 

SI 17. 79 

3035.83 


6 

3050.63 

3049.98 

7 

2442.37 

2331.81 


7 

S283.S8 

2231 .69 


7 

2241.00 

2240.69 

8 

1849.21 

1775.97 


8 

ms. 92 

1709. U 


8 

1715.58 

1715.27 

9 

1448.63 

1397.87 


9 

1375.82 

1351.05 


9 

1355.37 

1355.51 

10 

1165.24 

1128.64 


10 

1112.37 

1094M 


10 

1097.70 

1097.92 

11 

957.95 



11 

918.02 

904.82 


11 

907.25 

907.38 

12 

801.31 

780.74 


12 

770.56 

760.44 


12 

762.33 

762.46 

13 

1 680.02 

655.22 


13 

655.93 

648.05 


13 

649.53 

649.81 

U 

: 583.87 



14 

565.10 

558.85 


14 

560.06 

560.08 

It 

) 508.37 



15 

491.89 

486.88 


15 

487.95 






. 

16 

432.05 

427.96 


16 

428.59 





17 

' 382.4B 

379.13 


17 

379.07 





18 

\ 340.98 

338.20 


18 

, 338.25 





IS 

► 305.88 

303.56 


19 

> 303.57 





2C 

\ 275.98 

\ 273.98 


20 

> 273. 6S 





21 

. 250.1') 



21 

248. 5C 

' 




22 

5 227.86 



— 


1 






4 

6858.22 

6857.76 

5 

4389.00 

4390.69 
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He II Z = 2 

1 electron Is 

Ionization potential — 54.14 volts 

For a more detailed discussion compare H L 

The term values of ionized helium are given by the following 
formula: 

JE(n, l,j) ^ 109722.403 X 4 5.821 X 16 /£ ]_\ 

he y47i j + i) 

Special names are used for the following series of lines: 

Final level n = 3: Fowler series, visible and near ultra-violet. 

n = 4: Pickering series. Near infra-red and visible 
(observed in star spectra by Pickering). 
The series with the final level n = 1 and n = 2 are in the far and 
extreme ultra-violet and were observed by Lyman. They have 
no special names. 

The fine structure has been investigated in great detail by 
Paschen, especially for the line X 4685.8, which arises from the 
transition n == 4 to n - 3. 


References 

Paschbn-Gotze and Fowler. 

W. Grotrian, “Graphische Darstellimg der Spoktren, Springer, Berlin, 
1928. 

F. Paschen, Ann. d. Physik 82, 689 (1927). Fine structure. Discussed 
in detail in all books on the theory of spectra. 

P. G. Kruger, Phys. Rev. 36, 855 (1930). 
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72 electrons 

ls2 2s2 22)6 3 s 2 3p8 4s2 42)® 4^^ 5s^ 5p® Sd^ Qs^ 

Many regularities in the arc spectrum of hafnium have been 
found by Meggers and Scribner. Lines have been accounted 
for by transitions between 7 low levels and 56 higher levels. 
It has not been possible to assign electron configurations and 
arrange the levels into multiplets except for the low set which 
has been so arranged tentatively by them. 


Reference 

W. F. Meggers and B. F. Scribner, Bur. Stand. Journ. Res. 4, 169 (1930). 


Configuration 

Symbol 

J 

Term 

value 



1 

2 

0.00 

sp 


2 

3 

2356.60 

zp 


3 

4 

4567.58 

zp 


4 

0 

5521.64 

sp 


6 

2 

5638.55 

ID 


6 

1 

6672.50 

3p 


7 

2 

8983.70 

8p 

— 

V 

3 

17679.78 



2" 

2 

18010.98 



3" 

1 

18148.36 



4® 

3 

18381.48 



5^ 

3 

19298.68 



6" 1 

1 

19791,27 



7" 

4 

20960.07 



8^ 

2 

21738.71 



9" 

2 

22460.61 



10^ 

3 

23448.60 



ir 

3 

23644^74 



12'* 

■3 

24986.35 



13° 

1 

25194.46 



14° 

2 

25634.22 



16° 

2 

26104.60 



16° 

3 

26805.74 



17° 

1 

26463.92 



18° 

2 

27149.63 



19° 

1 

27533.80 



20° 

4 

27661.06 
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HAFNIUM I 


Hf I 


{Concluded) 


Configuration 

Symbol 

J 

Term 

value 


— 

21 ® 

3 

27654.34 



22 ® 

1 

28047.81 



23 ® 

2 

28267.43 



24 ® 

3 

28583.75 



25 ® 

1 

28790.28 



26 ° 

4 

29246.62 



27 ® 

2 

29401.54 



28 ® 

2 

29752.86 



29 ® 

3 

29996.83 



30 ® 

4 

30733.18 



31 ® 

3 

31342.58 



32 ® 

2 

31610.72 



33 ® 

4 

31943.24 



34 ® 

2 

32633.33 



35 ® 

2 

33121.43 



36 ® 

3 

33139.11 



37 ® 

2 

33638.10 



38 ® 

4 

33909.34 



39 ® 

3 

33049.23 



40 ® 

3 

33994.75 



41 ® 

2 

34277.79 



42 ® 

1 

34596.46 



43 ® 

4 

34806.86 



44 ® 

2 

34877.03 



45 ® 

2 

34947.95 



46 ® 

3 

35453.71 



47 ® 

4 

36074.98 



48 ® 

3 

36237.32 



49 ® 

3 

36609.82 



50 ® 

2 

36772.90 



51 ® 

4 

36850.02 



52 ® 

2 

37066.1 



53 ® 

3 

37217.70 



54 ® 

2 

38325.41 



55 ® 

3 

38407.80 



56 ® 

4 

38987.84 



57 ® 

3 

39193.88 



58 ® 

2 

39435.11 



59 ® 

2 

40194.43 



60 ® 

2 

40267.20 



61 ® 

1 

40704.14 



62 ® 

3 

40767.3 



63 ° 

3 

42302.14 
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Hf II 


2? = 72 


71 electrons 

These terms have been found by Meggers and Scribner. No 
assignment of electron configurations has been given. 

Reference 



W. F. Meggers and B. F. Scribner, Joum. Opt. Soc. Am. 17, 83 (1928) 
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Hgl 


Z == 80 


80 electrons 

ls2 2s2 2396 3 s 2 3 ps 4^2 4p0 4^10 4^-14 5^2 5^6 ^^10 6^2 13^ 

Ionization potential = 10.38 volts 

The main part of this classification can be found in Paschen- 
Gotze and Fowler. The first table gives the low states only, 
the other tables contain all terms. 

Interesting new terms are the x at 16300, and the negative 
terms at —8000. 

References 

F. Paschen, Ann, d. Physih 6, 47 (1930). 

T. Takaminb and T. Suga, Inst, Phys. and Chern.y Tokio, Bd. Papers 13, 1 
(1930). 

E. D. McAllister, Phys. Rev. 36, 1585 (1930). 


Configuration 

Symbol 


Term 

value 

Av 

6s“ 


0 

84178.6 


6fi 6p 

gpo 

0 

40 W 6\2 

1767.3 



1 

2 

U768.0 

ms8.s 

4630.6 

Gs 6p 

ipo 

1 

80112.8 


6s 7s 


1 

21830.8 


6s 7s 


0 

20253.1 


— 

xV 

0 

16766. 2 f 

493.6 

1022.1 



1 

16316.6 f 



2 

15294 • 6 

6s 7p 

3po 

0 

14664.6 

145.6 



1 

14619.1 

1515.6 



2 

12978.6 
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MERCURY I 


Hg I 


{Concluded) 


Configuration 

Symbol 

J 

Term 

value 

Av 

6 s 

ID 

2 

12848.3 



6 s 6 <i 


1 

12845.1 

60.1 

35.1 




2 

12785.0 




3 

12749.9 


6 s 7p 

ipo 

1 

12886.1 



6 s 8 s 


1 

10219.9 



6 s 85 

^jS 

0 

9776.9 



6 s 8 p 

Spo 

0 

7734.6 1 

20 2 




1 

2 

77U.4 1 
7367.8 

56.6 


6 s 7d 

ID 

1 

7117.5 



6s7d 

®D 

1 

7096.5 

23.3 




2 

7073.2 




3 

7051.7 

21.5 


6s 5f 


3 

6939.1 



6 s 5/ 

zpo 

2 

6944.2 

2.3 

4.7 




3 

6941.9 




4 

6937.2 



6p2 

zp 

0 

-7860 

1938 


1 

-9798 



2 

— 
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MERCURY I 
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MERCURY I 


Hgl 


6s md 

m 

’Di 




m 


6 

12845.1 

12785.0 

12749.9 

12848.3 

15 

764 

7 

7096.5 

7073.2 

7051.7 

' 7117.5 

16 

. 649 

8 

4502.7 

4491.0 

4478.7 

4521.0 

17 

559 

9 

3110.2 

3104.5 

3096.3 

3124.2 

18 

487 

10 

2279.4 

2273.1 

2269.5 

2288.4 

19 

427 

11 

1739.4 


1734.5 

1746.1 

20 

— 

12 

1370.0 


1366.4 

1376.4 

21 

336 

13 

1108.4 


1105.2 

1111.8 

22 

301 

U 

915.2 


911.7 


23 

269 






24 

244 


6s mf 

m 

3^,0 





$937. S 

6941-9 

6944-^ 

69S9.1 


US^.8 

4435.2 

4437.7 
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Hg II 


Z = 80 


79 electrons 

ls2 2s 2 2;pS 3^2 3p0 3^10 4^2 4^6 4^10 4^14 5^2 5^6 5^10 2£|i 

First ionization potential = 18.67 volts 

This classification has been taken from the work of Paschen 
and of Naud6. Rasmussen has located the Qg and 
Ricard has given a term at 550965 and another at 6724. The 
first table contains all terms and the second group gives the 
terms based on ^So in the series form. It is of interest to 
note that the 5d^° mf terms are inverted. 

References 

F. Paschen, Berlin. Akad.^ Sitzungsher. 32, 563 (1928). 

S. M. Naud:6, Ann. d. Physik 3, 1 (1929). 

E. Rasmussen, Naturwiss. 17, 389 (1929). 

R. Ricard, Compiea Rendus 192, 618 (1931). 


Configuration 

Symbol 

J 

Term 

value 

Remarks 

6s 

'^S 

i 

161280 


5d» 6s2 


2i 

li 

115766 

100728 

-16038 

6^1“ 6p 

ipo 

i 

li 

99795 

90672 

9322 

5d^ 6s 6p 


3i 

74356 



2^ 

2i 

742S9 

4 />® 


3*^ 

3i 

67069 

4 /;o 


4:^ 

2i 

66447.4 



5° 

li 

65105 

4p«> 


6"^ 

i 

60216 

4 po 


70 

li 

57190 

4 po 

6dio7s 


i 

66666 
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Hg n 


MERCURY II 


[Continued) 


Configuration 



Term 

value 

Lv Remarks 

— 

20 ^^ 

li 

56096.5 


6 s 62 ? 

8 ® 

2i 

64188 



9" 


50422 

ap 


10 ® 

U 

48098 



11® 

i 

47410 


6^10 6 d 

2 Z) 

li 

46297 

560 



2 i 

45737 

5ci® 6 s 6 p 

12® 

li 

46194 



13® 

i 

44887 



14® 

i 

44668 



15® 

3i 

44566 

2p 

7p 

2po 

i 

li 

42982 

39S10 

3672 

6 d® 6 s 6 p 

16® 

li 

42091 


5d° 6 s 7s 


3i 

40434 




2i 

35080 




li 

33941 




i 

31833 


SrfioSs 

2 /S 

i 

29864 


— 

21® 

2i 

29320 


— 

22 

li 

29094 

4do 6 s 7s 2D, j 

5dio6/ 

2po 

3i 

2i 

28128 

27871 

-257 



li 

25966 

254 



2 i 

25702 

8 p 

Zpo 

i- 

24338 

853 



li 

23486 

SdioQs 


i 

18721 


— 

23 

3i 

18566 

5d9 6 s 6 d ^D ? 
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MERCURY II 


Hg n 


{Continued) 


Configuration 

Symbol 


Term 

value 

Aj/ Remarks 

6/ 

ipo 

3i 

2i 

18012.5 

17930 

-82.5 


'^G 

34, 44 

17627 


5d'» Sd 


14 

16718 

136 



24 

16682 

9p 

2jpo 

4 

15813 

362 



14 

15451 



24 

24 

15014 

4d» 6s 7s “D ? 


25 

24 

14569 

4:d^ 6s 6d ? 

los 


4 

12846 


7/ 

2po 

34 

12487 

-19 



24 

12408 

5d^^ 7g 


44,34 

12237.6 


9d 

W 

14 

11663 

68 



24 

11585 

lOp 

2pO 

4 

11152 

201 



14 

10951 

— • 

26 

14 

11146 

4(i» 6s 6(i 

6^10 11s 


4 

9365.5 


8/ 

apo 

34 

9152.7 

-3.4 



24 

9149.3 



44, 34 

8986.6 


lOd 

W 

14 

24 

8620 

8570.5 

49.5 

5di» lip 

2 po 

4 

8321 

158 



14 

8103 

5^10 12s 

=^5 

4 

7130 
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Hg n 


MERCURY II 


(Cond'uded) 



234 








MERCURY II 


Hg n 




mp 

in 


^Pii° 

6 

99795 

90672 

7 

42982 

39310 

8 

24SS8 

23435 

9 

16813 

15461 

10 

11162 

10951 

11 

8321 

8163 


md 

m 

“Dij 


6 

46297 

45737 

7 

25956 

25702 

8 

16718 

16582 

9 

11653 

11585 

10 

8620 

8570.5 

11 

6626.8 

6600.4 

12 

5254.4 

5227 

13 

4266 

4245 

14 

- 

— 

15 

2969 

16 

2537 


ms 

m 

“-Si 

6 

151280 

7 

55566 

8 

29864 

9 

18721 

10 

12846 

11 

9365.5 

12 

7130 


5rf"' mh 

m 


6 

— 

7 

— 

8 

— 

9 

— 

10 

B4S1 

11 

4SS8 


mg 

m 

‘G>i, 4J 

5 



6 

17627 

7 

12237.6 

8 

8986.6 

9 

6878.3 

10 

5432.65 

11 

4399.6 

13 

3635.0 


5(i'» mf 

m 



5 

27871 

28128 

6 

17980 

18012.6 

7 

12468 

1^487 

8 

9149.Z 

9152.7 

9 

6991 

6990 

10 


B61Z 


Note: In case the g- and /i-orbits are supposed not to penetrate, their 
principal quantum numbers should be one less than given in these 
tables. 
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Hg III 


Z = 80 


78 electrons 


I 52 2s2 2p6 3s2 4s2 4p6 4^10 4/^^ 5s^ 5p® ^So 

This classification has been given by McLennan, McLay, and 
Crawford. The lowest state has not been found. 

References 

J. C. McLennan, A. B. McLay, and F. M. Crawford, Trans, Roy. Soc, 
Caw. 22, 247 (1928). 

J. E. Mack, Phys, Rev. 34, 17 (1929). 


Configuration 

Symbol 


Term 

value 


5d» (2Z>2i) 6^ 

1 

3 

0 



2 

2 

3179 

3D 

(^Dii)6^ 

3 

1 

16656 

3D 


4 

2 

18235 


6p 

r 

2 

60699 



2° 

3 

62777 



3^ 

4 

7514s 




1 

75766 f 




2 

75698 



6° 

2 

78077 



70 

3 

78750 



8° 

1 

8S704 



9° 

3 

89637 f 



lO** 

2 

91736 



ir 

1 

93636 f 
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Ini 


Z = 49 


49 electrons Is^ 2s^ 3s^ 3p® 4s^ 4p® 4d^^ 5p 

Ionization potential = 5.76 volts 

This classification is given for the main part in Fowler and 
Paschen-Gotze. 

The first table contains only the lowest levels. 

Reference 


R. A. Sawybe and R. J. Lang, Phys, Rev. 34, 718 (1929). 5s 5p^ P. 


Configuration 

Symbol 

J 

Term 

value 

Av 

Ss^ 5p 

2po 

i 

li 

46607.9 

444SB.S 

2212.6 

6s 

•^3 

i 

22294.8 


5d 


li 

13775.4 

23.5 



2i 

13751.9 

5s 5p^ ' 

ip 

i 

IJ 

2i 

11697 

10648 

9216 

1049 

1432 

5s2 7s 

^3 

i 

10366.0 


rp 

•ipo 

i 

li 

7806.8 

7096.6 

111.3 

6d 


li 

7619.6 

49.9 



2i 

7669.6 
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INDIUM I 


In I 


S£]RiI£)S 


5s* ms 


5s* mp 

m 



m 

2p^O 


6 

22294.8 


5 

46667.9 

444^5.3 

7 

10366.0 


6 

— 

— 

8 

6031.0 


7 

7806.8 

7695.6 

9 

3949.5 


8 

484^.3 

4786.7 

10 

2787.8 


9 

sm.s 

3266.9 

11 

2068,8 


10 

2391. 9 

2370.1 

12 

1600 


11 

1803.7 


13 

1226 






5s* md 

m 




13775.4 

13751,9 


7619.5 

7569.6 

H 

4831.8 

4806.1 

mm 

3328.3 

3310.1 

Kl 

2443.6 

2445.4 

■■ 

1855 

(Unres.) 


1456 


■9 

1174 


mm 

966 


■1 

809 
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Z = 49 


In II 


48 electrons Is^ 2s^ 2p^ 3s^ 3p^ 3d^^ 4s^ 4p^ 4d^^ 5s^ ^Sq 
Ionization potential = 18.81 volts 

These terms are from material kindly given to us by Sawyer 
and Lang. 

References 

J. B. Green and R. A. Loring, Phys. Rev, 30, 574 (1927). 

R. J. Lang, Phys, Rev, 30, 762 (1927). 

K. R. Rao, Proc, London Phys. Soc, 39, 161 (1927) 

R. A. Sawyer and R. J. Lang, unpublished data. 



Symbol 


Term 


Configuration 

J 

value 

Av 

5s2 

^jS 

0 

162213 


5s 5p 

spo 

0 

109938 

1074 



1 

2 

108864 

106386 

2478 

6s 6p 

ipo 

1 

89177 


5s 6s 


1 

58294 


6s 6s 

hS 

0 

55187 


5s 6d 


2 

54584 


5p2 

zp 

0 

50608 

1642 



1 

2 

48966 

46651 

2315 

5s 5d 

W 

1 

50120 

87 

132 



2 

50039 



3 

49907 

5s 5p 

zpo 

0 

44664 

181 



1 

44S73 

586 



2 

43787 


239 





In n 


INDIUM II 


(Contirmed) 


Configuration 

Symbol 

J 

Term 

value 

Lv 

5s 6p 

Ipo 

1 

4U^S 


5s 

■ 


2 

38335 


5s 7s 


1 

30773 


5s 7s 


0 

29714 


5s 4/ 

S^o 

2 

28571 




3 

28566 

5 



4 

28550 

Id 

5s 4/ 


3 

28514 


5s7c2 

ID 

2 

27660 


5s 6d 

»i) 

1 

27473 

34 



2 

27439 



3 

27388 

51 

5s 7p 

ipo 

1 

846H 


5s 8s 

^jS 

I 

19139 


5s 8s 


0 

18679 


5s 5/ 

spo 

2 

18S72 




3 

18266 

6 



4 

18263 

13 

5s 5/ 


3 

18227 


6s7(i 

3D 

1 

17491 




2 

17473 

18 



3 

17446 

28 

5s 8p 

ipo 

1 

16118 


5s 9s 

3^ 

1 

13099 


5s 9s 


0 

12847 


5s 6/ 

Spo 

2 

12666 




3 

12662 

4 



4 

12643 

13 
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INDIUM II 


In II 


(Concluded) 


Configuiation 

Symbol 

/ 

Term 

value 

A;/ 

5s 6/ 

1/?’® 

3 

126^9 


5s Sd 

3D 

1 

12134 

14 

17 



2 

12120 



3 

12103 

5s 9p 

ipo 

1 

11S8G 


6s 10s 


1 

9520 


6s 7/ 

ai?*® 

2 

9200 

32 



3 

9108 

15 



4 

91 SS 

5a Qd 

3D 

1 

8925 


5s lOp 

ipo 

1 

8500 


6s 11s 

3^ 

1 

7238 


6s lOd 

3D 

1 

6833 


5s lip 

ipo 

1 

6566 


5s 12s 

3^ 

1 

5G88 


5s lid 

3D 

1 

5418 


5s I2p 

ipo 

1 

6216 


5s 13s 


1 

4594 


5s 12(Z 

3D 

1 

4395 


5s 14s 

3^ 

1 

3786 


5s m 

3D 

1 

3622 



241 





In III 


Z = 49 


47 electrons Is^ 2s^ 2p® 3p® 3c2^° 45^ 4p® 4d^° 5s 

Ionization potential = 27.9 volts 

This classification is taken from the work of Lang and of Rao, 
Narayan, and Rao. 

The absolute value of the lowest state is 226,133 cm.“^. 
References 


R. J. Lang, Proc. Nat. Acad. Sd. 13, 341 (1927); 16, 414 (1929). 

K. R. Rao, A. L. Nabatan, and A. S. Rao, Indian Joum. Phys. 2, 482 
(1928). 


Configuration 

Symbol 

J 

Term 

value 

Av 

55 


i 

0 


6p 

2po 

i 

li 

B118B 

615m 

4342 

65 


1 

126878 


5d 


U 

128458 

290 



n 

128748 

6p 

2po 

i 

li 

IWSS 

1J^B9Z6 

1337 

4/ 

zpo 

2i3i 

161979 


75 


i 

169427 


6 d 


li 

170531 

182 



2 i 

170713 

5/ 

2po 

2i, 3i 

18B813 ? 


% 


3i,4i 

186533 
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In IV 


Z = 49 


46 electrons 2s^ 2p® 3s^ 3p® 4s^ 4p® 4d^° 

Ionization potential about 43 volts 

This classification has been given by Gibbs and White. The 
absolute value of the lowest state is about 350,000 cm.“^ 

Reference 


R. C. Gibbs and H. E. White, Phi/s. Rev. 31, 776 (1928). 


Configuration 

Symbol 

J 

Term 

value 




0 

0 


4d* (‘D,i)5s 

1 

3 

138786 

3D 

2 

2 

130981 

3D 

(‘Dii) 5s 

3 

1 

135893 

3D 

4 

2 

138764 

ID 

ido (»Z)) 5p 

1" 

2 

194004 

3P 


2" 

3 

196706 




1 

200662 

zp 


4“ 

4 

201158 

zp 


5° 

2 

202129 

3D 


6° 

0 

205057 

zp 


7® 

2 

205357 

zp 


8° 

3 

205958 

3D 


9° 

1 

208702 

IP 


lO'’ 

3 

209886 

IP 


ir 

1 

211650 

3D 


12® 

2 

212785 

ID 
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Z = 77 


Ir I 


77 electrons 


Is* 2s* 225® 3s* 3p« Sd** 4s* 4p« 4^1“ 4/1^ 6s* 5p« Sd* *X>si 

These even terms were published by Meggers and Laporte. 
The two lowest ones are probably 5d® *Z). 

Reference 


W. F, Meggers and 0. Laporte, Phys. Rev, 28, 642 (1926). 


Symbol 

J 

Term 

value 

Ap 

1 

2i 

0.0 


2 

li 

2835.0 

-2835.0 "J 

3 


67S5.0. 


4 


6324.3 


5 


7107.2 


6 


9878.1 


7 • 


11831.7 


8 


12219.1 


9 


12952.3 


10 


13088.6 


11 


16104.0 


12 


19061.5 
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KI 


Z = 19 

19 electrons Is® 2s® 2p« 3s® 3^“ 4s ^Si 

First ionization potential = 4.32 volts 

Nothing has been added since Paschen-Gotze and Fowler. 
Two types of tables are given: the first, containing only the 
lowest terms, the second containing the complete set of terms 
in series arrangement. 


Configuration 

Symbol 

J 

Term 

value 

Au 

4iS 

VS 

i 

35005.88 


4p 

2po 

i 

22020.77 

67.71 



li 

21963.06 

5s 


i 

13980.28 


Zd 

2D 

li 

13470.26 

2.74 



2i 

13467.62 


6p 

2po 

i 

10304. S9 

19.69 



li 

10285.70 


4d 

2D 

li. 2i 

7608.3 


6s 

25 

i 

7666.69 


4/ 

2po 

2i, 3i 

6878.5 



SERIES 


mp 

m 



4 

22020.77 

21963,06 

5 

10204.39 

10285.70 

6 

6009,33 

6001.18 

7 

3934 . 83 

3930.00 

8 

2780.56 

2778.27 
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POTASSIUM I 


K I 


SERIES {Concluded) 


mp 

m 


m 

^Ph >i“ 

9 

206 ji-. 6 

18 

409.2 

10 

1696.5 

19 

363.6 

11 

1268.8 

20 

327.6 

12 

toss. 4 

21 

296.2 

13 

861.7 

22 

267. S 

14 

728.2 

23 

241 >9 

16 

622.1 

24 

221.S 

16 

6S6.8 

25 

202.0 

17 

467.8 

26 

186.0 



27 

171.7 


ms 


md 

m 



m 





3 1 

13470.26 (li) 




® 1 

13467.52 (2i) 

4 - 

36005.88 


4 

7608.3 

5 

13980.28 


5 

4821.89 

6 

7555,69 


6 

3309.81 

7 

4732,83 


7 

2407.42 

8 

3240.44 


8 

1827.76 

9 

2357.51 


9 

1433.57 

10 

1791.49 


10 

1156.3 

11 

1407.7 


11 

955.9 

12 

1136.2 




13 

936.6 






m 

‘Pth 3 }” 


6878,6 


4404-2 


S066.5 

7 

2244 -S 

8 

1714-8 
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KII 


Z = 19 


18 electrons Is^ 2s* 2p® 3s* 3p® ‘/So 

First ionization potential = 31.7 volts 

These terms of K II are taken from the work of Bowen who 
has arranged the previous work of de Bruin and added the low ‘S 
state. For the notation compare Ne I. 

The absolute value of the lowest state has been given as 
256637 cm.“‘ with respect to Zp^ *Pij of K III. 

References 


T. L. DE3 Beuin, Zeits. f. Physik 38, 94 (1926). 
I. S. Bowen, Phys. Rev. 31, 497 (1928). 



Configuration 

Symbol 

J 

Term 

value 


— 



0 

0 


ISB 

3p' (*Pi04« 

1® 

2 

lemr.o 

(’Ps) 

134 


2® 

1 

lesm.o 

(Pi) 

ISa 

(*Pi) 4.S' 

3^ 

0 

165149,5 

(Po) 

132 


4® 

1 

160461 .5 

(Pi) 

Zdti 

ePii) Zd 

1** 

0 

lesjtse.s 


Zdi 


2® 

1 

164496.1 


3^3 1 


30 ! 

2 

164962.3 


3<i4' 


4*^ 

4 

— 


Zdi 


6° 

3 

170835.4 


3di" 


6° 

2 

171526.8 


Zdi' 


70 

3 

— 


Zdi 


8® 

1 

— — 


2pio 

(*Pii) 4p 

1 

1 

183208.4 


2p9 


2 

3 

186388.5 


2P8 


3 

2 

186685.6 


2j>7 


4 

1 

187631.1 


2p6 


6 

2 

188154.4 


2?)b 


6 

0 

189772.0 
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K n 


POTASSIUM II 


{Concluded) 


■ 

Configuration 

Symbol 

J 

Term 

value 


2p< 

3p‘ (*Pi) 4p 

7 

1 

189243.7 


2p8 


8 

2 

189661.7 


2p2 


9 

1 

190134.8 


2pi 


10 

0 

194776. 1 


2S6 

(*Pii) 5a 

1° 

2 

^1^575. S 

{‘Pd 

2S4 


2° 

1 

212992.9 

(’p.) 

2S8 

ePj) 6a 

3® 

0 

214726.0 

(’Po) 

282 


4° 

1 

216018.8 

(‘Pi) 

u, 

(“Pii) id 

1° 

0 




Adt 


2° 

1 

215404.9 


4d, 


3° 

2 

215865.8 


? 


7° 

— 

217066.3 


4^4 


6" 

3 

217726.4 


4di" 


6** 

2 

219196.2 


? 


8“ 

— 

223124.1 
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Kill 

17 electrons 


Z = 19 

ls2 2s2 2p6 

First ionization potential = 47 volts 

These terms are taken from a paper by De Bruin. All states 
from the 3p^ (®P) 4p and 3p^ (^P) 4s configuration are found. 

The absolute value of the lowest state has been estimated 
to be about 377000 cm.“^ with respect to 3p^ ^P of K IV. 

References 


T. L. DE Bkuin, Zeits.f. Physik 63, 658 (1929). 
I. S. Bowen, Phys. Rev, 31, 497 (1928). 


Configuration 

Symbol 


Tenn 

value 


38* Zp‘ 

2po 

li 

i 

0 

2164 

-2164 

3s 

2JS 

i 

130609 


3s» Sp* (»P) 4« 

ip 

2i 

206755.9 

-1265.9 



li 

208021.8 

- 773.5 



i 

208795.3 

4$ 

2p 

li 

212727.1 

-1506.9 



i 

214234.0' 

4p 

4po 

2i 

236846.0 

-400.2 



li 

237246,2 

-542.9 



i 

237789,1 

4p 


3i 

240163,9 

-613.6 



2 i 

270777,5 

-721.8 



li 

241409.3 

-361.4 



i 

241860.7 

4p 


2 i 

243454^0 

-995.3 



li 

243449.9 

4p 

2po 

li 

24S949.1 

-1434.9 



i 

246384.0 

4p 

4^0 

li 

246959,6 
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KIV 


2 ; = 19 


16 electrons Is^ 2s^ 2p^ 3s^ ®P 2 

In this spectrum a — ^po g^Q^p found by Bowen. 

Reference 

I. S. Bowen, Phys. Rev. 31, 497 (1928). 

Configuration Symbol J 

3s2 3p4 3p 2 0 

1 1675 

0 2325 

3s 3pV 8P° 2 

1 186668 

0 136467 


-1675 

-650 


-1477 

-799 
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Z = 36 


KrI 

36 electrons Is^ 2s^ 3p® 3d^° 45 ^ 4p6 % 

First ionization potential = 13.940 volts 

This spectrum has been analyzed by Meggers, De Bruin, and 
Humphreys. The absolute values of all terms are given with 
respect to 4p® of Kr II. The first table gives only the low 
states. 


References 


W. Gremmbr, Zeits, f. Physik 64, 215 (1929). 

W. F. Meggers, T. L. db Bruin, and C. J. Humphreys, Bur. Stand. 
Joum. Res. 3, 129 (1929). 


Paschen 

notation 

Configuration 

Symbol 

J 

Term 

value 


Ipo 

4p« 

i/Sf 

0 

112914.50 


1^6 

4p' (‘Pii) 5s 

r 

2 

SiB9Jt3.47 


154 


2" 

1 

81998.47 

>Pi“ 

l5s 

4pi> (*Pj) 5s 

3° 

0 

87783.57 


152 


4° 

1 

87068.57 

ipo 

2pio 

4p« 5p 

1 

1 

21746.72 


2p, 


2 

3 

20620.87 


2p8 


3 

2 

20607.88 


2p7 


4 

1 

19950.80 


2po 


5 

2 

19791.92 


2p6 


6 

0 

18822.34 


2p4 

4p' (“Pj) 6p 

7 

1 

15319.27 


2ps 


8 

1 

14996.09 


2p2 


9 

2 

14970.09 


2pi 


10 

0 

14060.20 


3^6 

4p» (2Pij) 4d 

2® 

1 

13867 


256 

4p' (2Pii) 6s 

r 

2 



284 


2^ 

1 

13083 

zp^o 
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Kr I 


KRYPTON I 


(Conclvded) 


Paschea 

notation 

Configuration 

Symbol 

/ 

Term 

value 


2ss 

4p' (sPj) 6s 

3° 

0 



2S2 


4° 

1 

8027.90 

ip^o 

3pio 

4p« (»P,j) 6p 

1 

1 

10028.00 


Spe 


2 

3 

9799.61 


3p8 


3 

2 

9793.94 


3p7 


4 

1 

9601.56 


3p6 


5 

2 

9552.56 


3p6 


6 

0 

9153.54 


w 

4p' (*P,j) 5d 

7^ 

3 

9218.84 


. u, 


2° 

1 

9113.43 


Ad, 


1° 

0 

8393.70 


Adi^ 


3° 

4 

8298.27 


Adi 


5° 

3 

7998.83 


Adi 


4° 

2 

7907.97 


Adi" 


6° 

2 

7751.72 


Adi 


8° 

1 

7 144 >49 



SERIES 


2p« 1^0 


112914.50 


m 

pPii) ms 

4p® (^Pj) ms 

S6 l2^ 

Si 2i^ 

Si 3o° 

Si Ai^ 

5 

6 

7 

8 

9 

10 

SS943.47 

31998,47 

13023 

7267.46 

4590.11 

3163.03 

2306.71 

27723.57 

27068.57 

8027.90 
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KRYPTON I 


Kr I 


SERIES (Concluded) 



4p6 (2p^) fyip 

m 

Pi 7i 

Ps 8i 

pi 92 

Pi lOo 



15319.27 

4476.80 

14996.09 

4400.84 

14970.09 

4347.34 

14060.20 

4098.69 
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Kr II 


Z = 36 


35 electrons Is^ 2s^ 2p® 3s^ 3p^ 3d^° 4s^ 4p^ ^Pii^ 

First ionization potential = 26.4 volts (Kichlu) 

The classification is taken from a paper by Kichlu. The 
assignments of several terms seem rather uncertain. The 
absolute value of the lowest state is estimated to be 214000 cm.”^ 
with respect to 4p^ of Kr III. This gives an ionization poten- 
tial of 26.4 volts which does not agree with a previous 
measurement of 28.25 volts. 

References 


P. K. Kichltj, Proc. Roy. Soc. A120, 643 (1928). 

C. J. Bakker and P. Zeeman, Proc. Roy. Acad. Sci. Amsterdam 32, 565 
(1929). Zeeman effect. 


Configuration 

Symbol 

J 

Term 

value 

Ay 

4p® 

2po 

1§ 

0 

-5371 



§ 

5371 

4p‘ (»P) 6* 

*P 

2i 

112830 

-2264 



li 

115094 



i 

117604 

-2610 

ip* (’P) 5s 

2P 

li 

118475 

-2628 



i 

121003 

4p* (iZ))5s? 


2i 

120428 

-1362 



li 

121780 

4p‘ (}S) Ss 


4 

127691 


ip* m 5p 

4po? 

2i 

1SS9SB.7 

-362.8 



li 

1S4S88.B 



i 

1SB17S.3 

-884.8 

ip* (‘P) 6p ? 


li 

1SB78S.0 
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KRYPTON II 


Kr n 


{Concluded) 


Configuration 

Symbol 

/ 

Term 

value 

Lv 

42)4 (3P)^5p ? 

4/)0 ^ 

35 

— 




2| 

U 

i 

136070.9 

138381.5 

139103.5 

-2310. C 
-722.0 

4p4 (8p) 5p ? 

22)0 ? 

2i 

li 

140119.1 

141722.7 

-1603.6 

4p‘ (»P) 5p ? 

%po 2 

li 

i 

140137.2 

141995.7 

-1858.5 

4p‘ (»P) 5p ? 

IJSO ? 

i 

142363.6 


4p« 6d ? 

1 

3 

157079.2 


or 

2 

3 

157885.3 


42)4 6s ? 

3 

3 

161285.1 



4 

3 

161409.4 



6 

3 

161451.9 



6 

2 

161802.0 



7 

2 

161877.5 



8 

2 

162059.3 



9 

2 

162556.3 



10 

3 

163358.4 



11 

2 

164439.7 



12 

3 

165077.6 



13 

3 

165141.9 



14 

1 

167001.6 



15 

2 

167519.1 



16 

2 

167913.2 



17 

1 

169705.0 


— 

18" 

1 

174589.0 



19° 

1 

176626.6 
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EjIII 


Z = 36 


34 electrons Is® 2s® 2p« 3s® 3p® 3^^“ 4s® 4p^ 

This classification is given by Deb and Dutt. 

Reference 


S. C. Deb and A. K. Dutt, Zeiis.f. Physik 67, 138 (1931). 


Configuration 

Symbol 

J 

Term 

value 

A */ 

4p3 5s 

65fO 

2 

0 



B£)0 

4 

3 

1794 

1967 

-173 



2 

1 

0 

2084 

214s 

2217 

-123 

-59 

-74 

6p 

Bp 

1 

30423 

162 



2 

30685 



3 

30859 

274 

65 

6^0 

2 

66919 


Bd 

Bpo 

0 






1 

67890 

52 

75 



2 

67949 



3 

68017 



4 

6814s 

126 
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57 electrons 


ls2 2 s 2 3s2 3p6 4s2 4p6 4dio 5d 

These terms have been given by Meggers. The division into 
multiplets and the assignment of electron configurations are 
uncertain except for the two lowest multiplets. 

References 

W. F. Meggers, Joum. Wash. Acad. Sci. 17, 25 (1927). 

W. F. Meggers and K. Burns, Journ. Opt. Soc. Am. 14, 449 (1927). 
Hyperfine structure. 

H. E. White, Phys. Rev. 34, 1404 (1929). Probable nuclear moment 
7 =2i. 


Configuration 

Symbol 

J 

Term 

value 

6.V 

5d 6«a 

27) 

2i 

0.0 

1053.2 

1053.2 

6d2 (^F) 6a 

4F 

M 

3i 

2668.2 

3010.0 

3494.6 

4121.6 

341.8 

484.6 

627.0 

6 d 6a (}D) 6p 


n 

I4SO4.I 

-392.7 



li 

16196.8 

6d 6a (®D) 6p 

2£)0 

li 

2i 

16031.7 
16638. 4 

1506.7 

5d 6a (8D) 6p 

ipo 

n 

16866.9 

1053.3 



3| 

17910.2 

6d^ 6p ? 

2J)0 

15 

17699.8 

247.3 



25 

17947.1 

5d^ (3F) 6p 


25 

18156.9 

4.47 0 



35 

18603.9 

*X‘Xi • U 

525.4 

988.1 



45 

19129.3 



55 

20117.4 
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La 1 


lanthanum I 


{Concluded) 


Configuration 

Symbol 


Term 

value 

Ai 

6d“ (}D) 6p 

2 J)0 

li 

1817S.S 





19379.4 

120'; 

5d 6s (®D) 6p 

2po 

1§ 

30019.1 




4 

30197.4 

178 

5d^ (^F) 6p 


14 

mss.o 




24 

WS38.B 

256 



34 

30768.3 

425 



44 

31384.0 

620 

5d\(}D)6p 

2po 

24 

30973.1 




34 

31447.9 

475 

— 

V 


31663.6 


6p 

42)0 

4 

33346.6 




14 

^ 2439.4 

192. 



24 

33804.3 

364. 



34 

33303.3 

498. 

5d* (sf ) 6p 

2po 

2i 

33876.0 




34 

34409.7 

534. 

— 

4^0 

14 

34507.8 




24 

34934.8 

476. 



34 

36880.3 

396. 



44 

36997.0 

616. 


22»o 

34 

36318. 1 




24 

36643.0 

424.! 


2° 


37033.7 



2 po ^ 

4 

37968.7 




14 

38733.4 

753.; 


22)0 ? 

24 

39503.3 




14 

39565.0 

-62.7 


3° 

— 

30788.6 



4° 

— 

30897.0 




La II Z = 57 

56 electrons 2 s^ 3s^ 3p« Sd'o 4^0 4^10 5^2 5^0 5^2 

These terms of the lanthanum spark spectrum are from the 
unpublished material of Meggers, with assignment of electron 
configurations by Russell. There are many states which involve 
an electron excited to a 4/ state. 

References 


W. F. Meggers, Journ. Opt Soc. Am. 14, 191 (1927). 

W. F. Meggers and K. Burns, Journ. Opt Soc, Am. 14, 449 (1927). 
W. F. Meggers, unpublished material. 


Configuration 

Symbol 

J 

Term value 

Ap 


ip 

2 

3 

4 

0.00 

1016.10 

1970.70 

1016.10 

964.60 

&d 6s 

ID 

2 

1394.46 


6d 6s 

W 

1 

2 

3 

1896.16 

2591.60 

3260.35 

696.46 

658.76 


zp 

0 

1 

2 

6249.70 

6718.12 

6227.42 

468.42 

509.30 

68^ 


0 

7394.57 



^0 

4 

7473.32 



ID 

2 

10094.86 


4f 68 

9p^ 

2 

3 

4 

14147.9s 

14375.17 

15698.74 

227.19 

1323.67 

^ 6s 

IP^ 

3 

15773.77 
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La II 


LANTHANUM II 
{Continued) 


Configuration 

Symbol 

/ 

Term value 

Av 

4/ U 

i(5[o 

4 

ies99.i7 


4/ 6d 

zpo 

2 

17211.93 

1023.63 



3 

18S3B.Be 



4 

19214.64 

978.98 

4/ 5d 

3^0 

4 

17826.62 

754.79 



5 

18680.41 



6 

197 49. 62 

H69.21 

4/ 6<i 

1£)0 

2 

18896.41 


4/ 5<i 

3^0 

3 

4 

SOJfiS.SZ 
SlSSl . 60 

928.78 



5 

22282.90 

951.30 

4/ 6<j 

ij)0 

1 

2 

81U1-7S 
22106. OS 

664.29 



3 

22637.30 

431.28 

4/ 

Spo 

0 

22683. 70 

21.46 



1 

2S70S.1B 



2 

23246.93 

641.78 

6d 6p 

12)0 

2 

244 eS.ee 


4/ 5d 

ip® 

3 

24BSS.70 


5d 02) 

8£)0 

1 

26973.37 

1414.74 



2 

27388.11 



3 

2831B.26 

927.14 

5d 6p 

3po 

2 

3 

26414.01 

26837.66 

423.66 



4 

28866.40 

1727.74 

^ 6d 

ipo 

1 

27423.91 


5(2 62 > 

3po 

0 

1 

2 

27 B 46. 86 
28164.66 
29498.06 

608.70 

1343.60 

4/ 5<2 

IRo 

5 

28626.71 


5d 6p 

ipo 

1 

30363.33 
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LANTHANUM II 


La 11 
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La n 


LANTHANUM II 


{Concluded) 


Configuration 

Symbol 

J 

Term valu 

e Av 

U 6d 


2 

53885.24 


^d Qd 


0 

54793.82 




4 

55107.25 




5 

55982.09 

874.84 



6 

56837.94 

855 . 85 

5d 6^2 


2 

55184.05 




3 

54840.04 

-344.01 



4 

55321.35 

481.31 

5d 6d 


1 

55230.33 


5d 6d 


4 

56035.70 


5d 6d 


1 

66036.60 


iP 


2 

57399.58 




3 

57918.50 

618.92 



4 

68269.41 

340.91 

4P 


4 

69627.60 


4P 

ip 

2 

69900.08 


6p* 

zp 

0 

60094.84 




1 

61128.83 

1033.99 



2 

62606.36 

1377.63 

6p» 

ip 

2 

62026.27 


4P 


6 

62408.40 


4P 

zp 

0 

63463.96 




1 

63603.18 

139.23 



2 

64278.92 

676.74 

— 

8P 

1 

64361.28 




2 

64629.90 

168.62 



3 

64692.69 

162.69 

6ps 


0 

66591.91 


4/s 

^8 

0 

69506.06 
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La III 


Z = 57 


55 electrons 


ls2 2 s 2 3s^ Sp® 3dio 4s2 4^® 4 ^ 1 ° 5p® 5d 

Ionization potential about 20.4 volts 

This spectrum has been classified by means of comparison 
with isoelectronic spectra. The lowest state has been found 
from extrapolation to be 166000 cm with respect to 6p® 
of La IV. 


References 


J. S. Bad AMI, Proc. Lond. Phys. Soc. 43, 53 (1931). 

R. C. Gibbs and H. E. White, Phys. Rev. 33, 157 (1929). 


Configuration 

Symbol 

/ 

Term 

value 

Ay 

6d 

W 

14 

24 

0 

1603.8 

1603.8 

6s 


4 

13590.0 


6p 

2po 

4 

14 

42OU.O 

45109.4 

3095.4 

6d ■ 

2Z) 

14 

82378.6 

431.8 



24 

82810.4 
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Z = 3 


Li I 

3 electrons Is^ 2s 

First ionization potential = 5.37 volts 

The classification is taken from Fowler and Paschen-Gotze. 
Only the first term of the p series has been resolved into a 
doublet. Its separation is 0.34 cm.”^ 

Two types of tables are given: first, one containing only the 
lowest terms, second, one containing the complete set of terms 
in series arrangement. 


Configuration 

Symbol 

J 

Term value 

2s 

^jS 

i 

43486.3 

2p 

2po 

i, li 

28682.5 

3s 


i 

16280.5 

3p 

2po 

h li 

12660.4 

3d 

2D 

li, 2i 

12203.1 

4s 


i 

8475-2 

4p 

2po 

h 

7018.2 

4d 

2D 

li, 2i 

6863.5 


2po 

2i, 3i 

6856.1 
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Or CO to 


LITHIUM I 


Li I 


7n'p 

m 


m 

. i '- 

2 

28588.6 

22 

2 28. 3 

3 

VM60.4 

23 

200.0 

4 

7018.2 

24 

1S8.0 

5 

447 S. 6 

25 

iro.8 

6 

3090.2 

2 () 

im.H 

7 

2273.8 

27 

140.0 

8 

1736. S 

28 

142.0 

9 

1372.7 

29 

131.1 

10 

1113.6 

30 

122.0 

11 

017.2 

31 

114.6 

12 

771.7 

32 

wr.H 

13 

608.3 

33 

101.4 

14 

060.7 

34 

00.0 

16 

400.7 

35 

00.0 

16 

420.4 

36 

80.8 

17 

381.2 

37 

81.6 

18 

340.3 

38 

77.7 

19 

304.0 

31 ) 

73.0 

20 

270.0 

40 

60.4 

21 

248.0 

41 

60. 4 



42 

62.0 



md 

in 

VJij , n 

3 

12203. 1 

4 

6863.5 

5 

43 K«.ei 

6 

3047.0 

7 

2237.4 

8 

16 ) 99.0 

9 

1315.2 
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Lill 


Z = Z 


2 electrons ^(So 

Ionization potential = 75.282 volts 

These terms were obtained from papers by Werner and Schiller. 
The lowest state has been found by Ericson and Edl6n. 

The relative position of the singlets with respect to the triplets 
may be a few frequency units in error. 

Schuler discovered interesting hyperfine structure, due to 
both nuclear spin and isotope shift. The interpretation and 
investigation are still in progress. 

Keferences 

S. WuENEB, Nature 116, 574 (1925); 118, 164 (1926). 

H. ScHtjLEE, 2eits.f. Physik 37, 568 (1926); 42, 487 (1927). 

A. Emcson and B. Edi^n, ZdU. /. Physik 69, 666 (1930). 

P. GtfTTiNGEB and W. Pauli, Zeiis. f. Physik 67, 743 (1931). Hyperfine 
structure. 


Configuration 

Symbol 

J 

Term 

value 

ls2 


0 

610112 

Is 2s 


1 

134033 

Is 2s 


0 

[120000] Calculated 

Is 2p 

zpo 

0, 1,2 

11580$ 

Is 2p 

ipo 

1 

108264- 

Is 3s 


0, 1,2 

56318 

Is 3s 


0 

51300 

Is 3p 

zpo 

0, 1,2 

60578 

Is Zd 


1,2,3 

48834 
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LITHIUM II 


Li II 


{Continued) 


Configuration 

Symbol 

J 

Term 

value 

Is M 

ID 

2 

48804 

la Zp 

ipo 

1 

J,8SS0 

Is 4a 


1 

30097 

la 4a 


0 

28488 

la 4p 

Spo 

0, 1,2 

28187 

la 4:d 

3D 

1, 2.3 

27467 

la 4d 

ID 

2 

27448 

la 4f 

apo 

2, 3.4 

274S5 

la 4f 

ipo 

3 

274S4 

la 4p 

ipo 

1 

27245 

la 6a 


1 

18895 

la 6a 


0 

18096 

la 6p 

apo 

0, 1, 2 

17988 

la 6d 

3D 

1, 2, 3 

17574 

Is 5d 

ID 

2 

17670 

la 6/ 

ip® 

3 

17658 

la 6/ 

apo 

2, 3,4 

17552 

la 6p 

Ipo 

1 

17440 

la 6a 

3>S 

1 

12957 

la 6a 


0 

12605 

la 6p 

3pO 

0, 1,2 

12412 

la Qd 

3D 

1,2,3 

12203 
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I-i n LITHIUM II 


{Concluded) 


Configuration 

Symbol 

/ 

Term 

value 

Is 


2 

12202 

Is 6/ 

zpo 

2, 3,4 

12193 

Is 6/ 


3 

12192 

Is 7s 


1 

9438 

Is 7s 


0 

9154 

Is 7d 

3D 

1, 2,3 

8964 

Is 7d 

ID 

2 

8964 

Is 7/ 

Sjpo 

2, 3,4 

8958 

Is 7/ 

ipo 

3 

8957 

Is 8d 

ID 

2 

6866 

Is 8/ 

1^0 

3 

6858 
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Li nr 


z = z 


1 electron Is ^S^ 

Ionization potential = 121.8 volts 

For a more detailed discussion compare H I. The term 
values of this spectrum are given by 

E(n, 1,3) ^ RihXQ , 5.822 X 81 /" 3 

he n® Vin j + i) 

where 

r/(i + = 109727.5 and 109728.9 

As Li has two isotopes there are two values for Rn, which, at 
present cannot be distinguished experimentally. Edl6n and 
Ericson located the first two lines of the Lyman series of this 
spectrum; they are at X 135.02 and X 113.03. 

The fine structure could not be observed. 

Reference 

B. Edl^in- and A. Ericsont, Mature 125, 233 (1930). 
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Mg I 

12 electrons 


Z - 12 

ls2 2s^ 2pe 3s^ ^So 

First ionization potential = 7.61 volts 

The classification can be found for the greater part in Paschen- 
Gotze and Fowler. Several tables are given: the first containing 
the lowest terms only, the second containing the group found 
by Millikan and Bowen, and other tables containing all terms 
arranged according to series. 

Reference 

R. A. MiiiLiKAN and I. S. Bowbnt, Phys. Rev, 26, 160 (1925): 


Configuration 

Ssnnbol 

J 

Term 

value 

Av 

3s2 


0 

61672.1 


3s Zp 

apo 

0 

S9821,S 

19.9 

40.9 



1 

39801.4 



2 

39760.S 

3?> 

Ipo 

1 

36620.7 




1 

20474.6 


4s 


0 

18169.0 


3d 

IZ) 

2 

15268.9 


4:p 

3po 

0, 1 

13824.1 

A 1 



2 

13820.0 

*±, . 1 

3d 

3D 

1,2,3 

13714.7 


dp 

ipo 

1 

12326.6 


5s 


1 

9779.3 


5s 


0 

9115.8 
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MAGNESIUM I 


Mg I 


{Concluded) 


Configuration 


J 

Term 

value 

Av 

4<i 

ID 

2 

8537.4 




1.2.3 

7479.5 


5p 


0. 1.2 

7419.0 


4/ 

ipo 

2. 3,4 

6994.8 




SERIES 


3s ms 

rn 

'So 


3 

61672.1 


4 

18169.0 , 

20474.5 

5 

9115.8 

9799.3 

6 

5485.7 

5781.3 

7 

3661.6 

3817.0 

8 


2709.1 

9 


2022.1 

10 


1567.0 

11 


1250.3 


3s mp 

m 

aPo® 

zpo 

8P./ 

ipo 

3 

$98121. 3 

39801.4 

30760.6 

26620.7 

4 

13824.1 

— 

13820.0 

12326.6 

5 

7919.0 

Unresolved 

6970 

6 

4663.2 

— 

4661 .9 


7 

3184.6 

Unresolved 
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MAGNESIUM I 


Mg I 


3s md 

m 


2 , 3 

3 

15268.9 

13714.7 

4 

8537.4 

7479.5 

5 

5363.6 

4704.1 

6 

3648.7 

3229.3 

7 

2631.6 

2352.9 

8 

1982.7 

1790.3 

9 

1544.9 

1408.5 

10 

1237.0 

1136.4 

11 

1012.3 

936.1 

12 

835.4 

784.2 

13 

716.2 

667.6 

14 


574.0 


Zsmf 

m 

2, S, 4^ 

4 

6994.8 

5 

4669,0 
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Mg II 


Z = 12 


11 electrons Is^ 2s* 2p'’ 3s *S} 

First ionization potential = 14.96 volts 


The classification is taken from Paschen-Gotze and Fowler. 
The first table contains only the lowest states. The other 
tables contain all terras arranged in series. 


Configuration 

Symbol 

J 

Term value 

Av 

Za 


i 

121267.4 


Zp 


i 

8 S 597.09 

91.6 



11 

85506. U 

is 

2/S 

1 

61462.2 


U 

2Z> 

11 

49777.0 

-1.0 



1 

49776.0 

ip 

2po 

1 

406 / f ().6 

30.6 



11 

406 ie.l 

58 


1 

38481.2 


5p 

2pO 

1 

23812,5 

23.1 



11 

23789,4 

4d 

2D 

li 21 

27965.3 



ipto 

21, 31 

27467.4 


68 


1 

18069.3 


5d 

2D 

11,21 

17846.3 


5/ 

2^0 

21,31 

17577,2 
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Mg n 


MAGNESIUM II 


SERIES 


mp 

m 

2pjO 

=Pii" 

3 

85597 .9 li. 

85506 M 

4 

40646.6 

40616.1 

5 

2381^.5 

SS798.4 

6 

1B6U-S 

15636.7 


ms 

m 


3 

121267.4 

4 

51462.2 

6 

28481.2 

6 

18069.3 

7 

12482.7 

8 

9137.6 

9 

6975.2 


mg 

m 

4i 

6 


6 

12194.2 

7 

8957.2 

8 

6858.8 

9 

6418.8 

10 

4389.2 

11 

3626.8 

12 

3047.2 


md 

m 

“Uli. 

3 

49777.0 

4 

27956.3 

5 

17846.3 

6 

12366.5 

7 

9069.4 

8 

6931.7 


mf 


IIQH 

4 

37467.4 

5 

17577.3 

6 

13304.8 

7 

8965.6 

8 

. 6863.8 

9 

54^2.8 


4391.7 

11 

3629.1 

12 

3049.4 
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Mg III Z - 12 

10 electrons 2p® ^Sq 

First ionization potential = 80 ± 2 volts 

The classification has been given by Mack and Sawyer, and 
Edl6n and Erickson. The notation is the same as for Ne L 

References 

J. E. Mack and R. A. Sawyer, Science 68, 306 (1928). 

B. Edl^n and A. Ericson, Comptes Rendus 190, 116 (1930). 


Configuration 


Symbol 


Term value 


Sa 


Pio 

Pa 

Ps 

P7 

P6 

P3 

Pb 

Pi 

Pi 

Pi 


2p6 (2Pij) 3s 
2p^ (2Pj) 3s 
2p» (^Pii) 3p 


2p6(2Pj) 3p 


r 

2“ 

3= 

4® 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 


msoi 

4278S8 

4Sim> 

466234 

473551 or 474126 or 474270 

474533 

476527 

477580 

477973 or 478426 

477626 

477915 

480263 

482935 or 484077 


276 




Mg IV 
9 electrons 


Z = 12 


Is^ 2s2 2p' ^Pii° 

This spectrum has been studied by Mack and Sawyer and by 
Edl4n and Ericson. They have located a doublet in the far 
ultra-violet by means of the irregular doublet law. 

References 


B. Edl:^n and A, Eeicson, Comptes Rendus 190, 173 (1930). 
J. E. Mack and R. A. Sawyer, Phys. Rev. 36, 299 (1930). 


Configuration 

Symbol 

J 

Term 

value 

2s* 2p' 

2po 

u 

0 



i 

m9 

2s 2p» 


i 

311543 
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Mg V 
8 electrons 


Z = 12 


Is** 2s** 2p^ «P 2 

These terms are from the work of Mack and Sawyer who 
have located a PP° group by use of the irregular doublet law. 

Refereaces 


J. E. Mack and R. A. Sawtbe, Phys. Rev. 36, 299 (1930). 

B. EdiJn and A. Ericson, Camples Rendus 190, 173 (1930). 


Configuration 

Symbol 

J 

Term 

value 

Lv 

2s^ 2p4 

ap 

2 

1 

0 

1610 

-1610 

-930 


1 

0 

2640 1 

2s 2p® 

Spo 

2 

1 

283260 

285010 

-1810 

-730 



0 

286800 
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Mnl 


Z = 25 


25 electrons Is^ 2s^ 2p^ Ss^ 3d® 4^^ ®>S 2 j 

First ionization potential = 7.41 volts 

This is the spectrum in which CataMn discovered multiplets 
for the first time. 

The absolute term values are given with respect to 3d® 4s 
of Mn 11. 

White and Ritschl interpreted the hyperfine structure and 
found for the nuclear moment I = 2^. 
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R. A. Sawyeb, Nature 117, 155 (1925). 
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Configuration 

Symbol 

J 

Term value 


3d« 4s2 

a^S 


69937.47 


('£)) 4s 

a«D 

3i 

2i 

\ 

42885.17 

42655.50 

42485.96 

42368.98 

42300.28 

-229.67 

-169.54 

-116.98 

-68.70 

3i' 48 (’S) 4p 

z^P^ 

2i 

3^ 

415SJi..98 

41405.80 

412S2.09 

129.18 

173.71 

Uo f'i)) 4s 

a*D 

3i 

2i 

n 

36640.81 

36388.29 

36217.00 

36118.69 

-252.52 

-170.30 

-99.30 
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MANGANESE I 


Mn I 


(Continued) 


Configuration 

Symbol 

J 

Term value 

Av 

Sd' 4s C<S) 4p 


u 

35158,16 

8.70 




35149.46 

14.22 



3i 

35135.24 


3d“4s('iS) 4p 


25 

28936.41 

-75.30 



15 

28861 . 1 1 

-48.53 



5 

28812.58 


3d® 4s (®>S) 4p 

y‘P° 

15 

24247.4P 

35.75 



25 

24211.65 

44.12 



35 

24167.53 


3i' 4s ('S) 5s 

a^S 

35 

20506.13 


3d‘ 4s CS) 6s 

h^S 

25 

18533.50 


3d“ ('K) 4p 


45 

18 148. 04 

-143.16 



35 

I8OO4.88 

-121.10 



25 

17883.78 

-89.81 1 



15 

17793.97 

-55.08 



5 

17738.89 


3d» (‘D) 4p 


55 

16624.34 

-116.32 



45 

16508.92 

-96.53 



35 

16.\13.39 

-71.38 



25 

16342.01 

-48.99 



15 

16293.02 

-28.65 



1 

16264. 7i7 


3d» (®I>) 4p 


45 

15648. 72 

-234.70 



35 

15414.02 

-172.82 



25 

15241.20 

-188.32 



15 

15122.88 


3d“ (‘D) 4p 


35 

14943.59 

-102.60 



25 

14781.39 

-103.10 



15 

14678.29 


3d» (»D) 4p 

z*D^ 

35 

14183.22 

-186.69 



25 

13996.53 

-142.94 



15 

13853.59 

-86.03 



5 

13767.56 


— 

y ? 

25. 35, 45 

13.056.10 ? 

1 
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Mn I 


MANGANESE I 


{Continued) 



280 







MANGANESE I 
(Concluded) 


Configuration. 

Symbol 

j 

Term value 

6.V 

' 


31 

6668.12 

-42.05 



2i 

6626.07 

-21.39 



li 

6604-68 


3d® 4:5 (’S) 7s 

c^S 

3i 

5757.40 


— 

d^S 

n 

6477.7 



dm 

4i 

4999.0 

-7.6 



3i 

4991.5 

-4.4 



2i 

4987.3 

-2.5 



U 

4984.3 



bm 

— 

4675.35 


3d' 4s (’iS) 6d 

c8Z)? 

— 

4561.8 1 


3d' 4s (’5) 6/ 


— 

4Jt38.3 


3d' 4s {’’S) 8s 

d^S 

3i 

3793.1 


3d' 4s (’5) 7d 


— 

3145.3 


3d' 4p' 

c^P 

n 

H 

2851.44 

2719.36 

132.08 

170.67 



a 

2548.69 


hm 

n 

2631.82 

-180.34 



2i 

2451.48 

-135.80 



n 

2315.62 

- 83.94 




2231.68 
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MS 


Mall 


Z = 25 

24 electrons Is^ 2s^ 2p® 3s^ 3c2® 4s 

First ionization potential = 15.70 volts 

The terms of singly ionized manganese are from Russell’s 
paper with the exception of 3d® 5s which is from Catalan. 
The absolute value of the lowest state is about 126800 cm,“^ 


References 

N. RtjsseliL, Aairophys. Journ. 66, 233 (1927). 
A. Catalan, An. Soc. Bspan. 26, 67 (1928). 


Configuration 

Symbol 

J 

Term 

value 

Av 

m 4:8 


3 

0 


3d6 («aS) 4:8 

»/Sf 

2 

9472.86 


3d« 


4 

3 

2 

1 

0 

14324.47 

14593.76 

14781.08 

14901.08 
14969.67 

-269.29 

-187.32 

-120.00 

-58.59 

3d'(«iS)4p 

7po 

2 

3 

4 1 

S8S66,03 

38542.94 

38806.52 

176.91 

263.58 

3d“ m 4p 

6po 

3 

2 

1 

4B370.4P 

434S4.4S 

43556.93 

-114.08 

-72.45 

3d«i i^S) 5s 

7/8 

3 

74558.69 


3d«^ i^g) 5s 

«/8 

2 

76382.18 


Zd^ («/Sf) 4d 

W 

1 

79540. 1 

3.7 

5.4 



2 

79543.8 



3 

79549.2 



4 

79558.2 

9.0 

, 


5 

79568.4 

10.2 
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Mn III 


Z = 25 


23 electrons Is^ 2s^ 2p^ 3p® 3d^ ®iS 2 j 

By means of a study of isoelectronic spectra, Gibbs and White 
have been able to identify a single multiplet of Mn III. The 
lowest state is probably the Zd^ ^S^ which has not been found. 

Reference 


R. C. Gibbs and H. E. White, Proc. Nat. Acad. Sd. 13, 525 (1927). 





Term 


Configuration 

Symbol 

J 

value 

A*/ 

Zd^ 4s 

«D 

i 

0.0 

132.2 



li 

132.2 

179.6 



2i 

311.7 

241.3 



3i 

653.0 

296.6 



44 

849.6 


Zd* 4p 

epo 1 

4 

47B78.S 

168.0 



14 

^7736.8 

226.8 



24 

47 m. 1 

313.1 



34 

m7B.2 

399.8 



44 

48676.0 

490.3 



54 

49166.8 
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Mn IV Z = 25 

22 electrons Is^ 2s^ 2p« 3p« Zd* ®Z)o 

White has identified a multiplet by use of the irregular doublet 
law in an isoelectronic sequence. 


Reference 

H. E. White, Phys. Rev. 33, 914 (1930). 
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Mn V 


Z = 25 


21 electrons 2s^ 2p® 3s^ 3d® 

First ionization potential = 76 volts 

This classification is given by White. The absolute value 
of the lowest state is estimated to be 613000 cm.~i with respect 
to 3d2 of Mn VI. 


Reference 


H. E. White, Phys. Rev. 33, 678 (1929). 



Symbol 


Term 

Av 

Configuration 

J 

value 

3d« 

if 

li 

0 

333 



24 

333 

497 


. 

34 

830 

572 



44 

1402 



34 

17852 

666 



44 

18408 

3d’ 

HI 

44 

24936 

426 



34 

26361 

3d’ i’F) 4s 

AF 

14 

176938 

390 



24 

177328 




34 

177879 

uux 

700 



44 

178679 

3d’ (’F) 4s 

•ip 

24 

183466 

1169 



34 

184626 

3d= (.’F) 4=p 

4QO 

24 

S41808 

869 



34 

^4^707 

1040 



44 

1143807 

1244 



64 

34S0B1 
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Mn V 


MANGANESE V 


{Concluded) 
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Mn VII 


^ = 25 


19 electrons Is^ 2s^ 2p® Zs^ Zp^ Zd 

A doublet line was found by Gibbs and White. The lowest 
state has not been found. 

Reference 


R. C. Gibbs and H. E. White, Proc. Nat. Acad. Sci. 12, 676 (1926). 


Configuration 

Symbol 

J 

Term 

value 

Av 

4$ 



0 


4p 



7 89 IS. B 

2464.7 




81878. S 
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Mol 


Z - 42 


42 electrons 25^ 2p® Ss^ 3p® 4s^ 4p^ 4d^ 5$ 

Ionization potential = 7.35 volts 

These terms have been taken from papers by Catalan, and 
Meggers and Kiess. The division into multiplets is rather uncer- 
tain and it is diflS.cult to obtain the character of some of the 
multiplets. 


References 

M. A. Catalan, An. Soc. Espaii. Fis. y Quim. 21, 213 (1923). 

W. F. Meggees and C. C. Kiess, Journ. OpL Soc. Am. 12, 417 (1926). 


Configuration 

Symbol 

J 

Term 

value 

Ap 


4<i» («(S) 5s 

, a'^S 

3 

59560.4 



4d' («S) 5s 

a^S 

2 

48792.2 



id* 68* 

a^D 

0 

1 

2 

3 

4 

48694.6 

48417.6 

48106.1 
47701.9 

47214.1 

177.0 

311.5 

404,2 

487.8 


4d»(<(?)58 

a^G 

2 

42919.6 

51.9 

54.9 

36.7 

43.8 




3 

42867.7 




4 

42812.8 1 




5 

42776.1 1 




6 

42732.3 


— 

a^P 

3 

2 

1 

41331.6 

41204.2 

41080.9 

-127.3 

-123.3 

3d^ (^D) 4s 8D? 

id* («5) 5p 

z^P^ 

2 

3 

4 

33H6.1 

33688.6 

332J^0.0 

257.51 

448.6 
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MOLYBDENUM I 
(Continued) 


Mo I 




Term 



1 Configuration ^ 

symbol J 

value 



4<i‘ (”-S) 5p 

1 

30845.3 

121.5 



2 

307 23. S 

86.9 



3 

30636.9 



- 

* 

j/’P“ 2 

28360.5 

233.3 



3 

28027.2 

279.9 



4 

27647.3 



_ 

C 

28908.2 

246.5 



] 

26661.7 

400.3 



r 

26261.4 

656.0 




25605.4 

1126.1 




24479.3 



_ 

zW^ 

25312.2 

186.4 




25125.8 

305.7 




24820.1 

429.0 




4 24391.1 

549.9 




5 23841.2 



_ ' 

y^ir 

0 22460.4 

192.9 




1 22267.5 I 

286.2 




2 21981.3 

389.3 




3 21592.2 

454.6 




4 21137.6 



4d» (o-S) 6.S 

h'^S 

3 19886.0 



4d'>(''S)6s 

h^S 

2 18720.1 



_ 


1 18548.9 

20.2 




2 18528.7 

192.5 




3 18336.2 

171.1 




4 18165.1 

303.0 




6 17862.1 



4d‘ (*5) 5d 

aH} 

1 14624.7 

4,7 




2 14620.0 

' 6.9 




3 14613.1 

; 9.8 




4 14603.3 

* 12.8 




6 14590.3 


— 


2S9 


Mo I 


MOLYBDENUM I 


{Concluded) 


Configuration 

Symbol 

J 

Term 

value 

A*/ 

, 4d6(8iSf)5d 

h^D 

4 

13774.8 

7 9 



3 

13767.6 

7 9 



2 

13760.4 

K 9 



1 

13755.2 

0 . Z 

9 A 



0 

13752.6 

A . 0 

{^S) 7s 

c^S 

2 

9455.3 
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Mo II 


Z = 42 


41 electrons Is^ 28^ 2p“ 3p® 3d“ 48^ 4p“ 4d'‘ 5s «Di 

Several multiplets in the first spark spectrum of Mo have 
been given by Meggers and Kiess. No intercombinations have 
been found, so the sextets and quartets are given separately. 

Reference 


W. F. Meggers and C. C. Kiess, Journ. Oy>«. Soc. Am. 12, 435 (1926). 


Configuration 

Symbol 

J 

Term 

value 


4d* (“D) 6s 


i 

0 

250.70 



li 

250.70 

383.15 



21 

633.85 

482.90 



35 

1116.75 

560.46 



41 

1677.21 




1 

38166.04 

242.47 



11 


-200.00 



25 1 

S8W8.61 

310.33 



35 

88/} 18. 84 

402.90 



41 

S8m.74 


6p 


1 

2 

34009.69 

294.80 



15 

$4364.09 

466.10 



21 

$4830.69 

617.76 



31 

$6448.40 

767.49 



45 

36316.94 

960.27 



Si 

37176.31 



Configuration 

Symbol 

J 

Term 

value 

Av 



(f’D) 5s 


1 

11 

25 

31 

0 

287.15 

740.19 

1442.13 

287.16 

453.04 

701.94 
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Mo n 


MOLYBDENUM II 


{Concluded) 


Configuration 

Symbol 


Term 

value 

Ap 

4d‘ 5p ? 

4po 

i 

2i 

22836.26 

23650.32 

24631.80 

814.06 

981.48 

6p? 

4j[)o 

2i 

3§ 

26677.36 

26819.93 

26206.71 

26806.61 

242.58 

385.78 

600.80 

6p ? 


11 

2i 

3i 

4i 

27001.60 
27360.36 
27846.28 

28813.61 

359.16 

484.93 

968.33 
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NI 


Z = 7 


7 electrons Is^ 2s^ 2p^ 

First ionization potential = 14.48 volts 

The classification of the arc spectrum of nitrogen has been 
given here according to Ingram. This classification, in addition 
to giving new terms, reviews all the previous work. Hopfield 
has reported the finding of several higher series members in the s 
series but no change is found in the ionization potential. 

References 


S. B. Ingram, Phys. Rev. 34, 421 (1929). 
J. J. Hopfield, Phys. Rev. 36, 789 (1930). 


Configuration 

Symbol 

J 

Term value 


2a2 2p3 

4^0 

li 

11734^ 




ii,2i 

981 4S 


2p» 


i,ii 

88637 


2p^{^P) 3s 

4p 

i 

34069.6 

33 8 



li 

34026.7 

46.7 



2i 

33979.0 

(»P) 38 

zp 

i 

31239.1 

83. 1 



14 

*31166.0 


28 2p* 

Ap 

24 

29236.5 

—43.9 



14 

29191.6 

-19.6 



4 

29172.0 

2p* (»P) 3p 


4 

23794.7 


(’P) 3p 


4 

22672.8 

22.6 



14 

22660.2 

37.3 

51.9 



24 

22612.9 



34 

22461.9 
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NITROGEN I 


N I 


(Continued) 


Configuration 

S37mbol 

J 

Term value 

Av 

2s2 22)2 (sp) 3p 

ipo 


21868.5 

18.4 

38.3 



a 

21850.1 



2i 

21811.8 

(’P) 3p 

igo 

li 

20593.3 


(»P) 3p 

2J[)0 

li 

20688.8 

76.0 



2^ 

20612.8 

(’P) 3j) 

2po 

§ 

19606.9 

35.7 




19671.2 

0Z))35 

W 

1§, 2i 

17701 ? 


(^P) 4s 

ip 


13726.9 

50.0 

68.7 



u 

13676.9 



2i 

13608.2 

QP) 4s 

2p 

i 

13232.3 

77.4 



IJ 

13164.9 

CP) 3d 

2p 

U 

i 

12761.6 

12722.1 

-39.6 

(’P) 3d 

ip 

U 

12688 ? 

27.2 

34.3 

49.5 



2i 

12660.8 ? 



3i 

12626.5 ? 




12577 ? 

CP) 3d 

ip 

2i 

12566.1 

71.8 



3i 

12494.3 

(’P) 3d 

W 

li 

12256.2 




2i 

12232.7 

23 . 5 

(’P) 3d 


i 

12481 

26 



li 

12455 



2i 

12388 

67 

CP) 3d 


2i 

12334.3 

8.8 



3i 

12326.5 

(’P) 4p 

iS- 

i 

10898.4 
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NITROGEN I 


Configuration Symbol J Term value 


2s 2 2p2 (3p) 4p 42)0 


10584,6 

10664.9 

10628.9 

10474,3 


(3P)4p 


10362. S 
10346.7 
10306.0 


(3P) 4p 

(3?) 5s *P 


9897.8 

7531.5 

7487.2 

7417.1 


( 3 ?) 5s 2 p 


(3P) 4d *F 


7149.1 

7131.3 

7096.6 

7040.6 


(3P)4ci 22> 


7160.2 

7131.2 


(3P)4(i 


7123.6 

7069.6 

7057.2 

7006.3 ? 


(3P) 4(2 


(3P)4rf ^P 


7020.3 
6994 ? 

6942.2 


(ID) 3p 


6/^55^. 1 
6831 . 6 


{}D) Zp 2P° 


6082.2 

6066.2 




NITROGEN I 


N I 


{Concluded) 


Configuration 

Symbol 

J 

Term value 


2s2 2p» (®P) 6s 

Ap 


4779.1 

44.7 

72.0 



n 

4734.4 



2i 

4662.4 

(«P) 6s 

2p 


4554 


<?P) 5d 

2p 

li 

4575.5 


(SP) bd 

*F 

3§ 

4546.4 

63.9 



4i 

4482.5 

(V) 5d 


2i 

4520 


(»P) Si 


3§ 

4472 


(»P)5i 

Ap 

U 

4471 

37.9 



2i 

4433.1 

(SP) 7s 

^p 

2i 

3198.5 


(’P)78 

2p 

li 

3183 


(’P) 6i 


2i 

3157 


(^P) 6i 

2F 

3i 

3096 


(»P) 6i 

Ap 

2i 

3070.8 


(’P) 7i 

Ap 

2i 

2242 
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Nil 


Z = 7 


6 electrons Is^ 2s^ 2p^ ®Po 

First ionization potential = 29.47 volts 

The classification has been given by Fowler and Freeman and 
by Bowen. Many terms are known, but not many series 
members. Intercombinations between the triplets and singlets 
have been found but not between the quintets and triplets 
so the quintets are given separately. The absolute value of 
the lowest state has been given by Fowler and Freeman to be 
238849 cm.”^ with respect to the 2p level of N III. 

References 


A. Fowlee and L. J. Freeman, Proc. Roy, Soc. A114, 662 (1927). 
I. S. Bowen, Phys. Rev. 29, 231 (1927); 34, 534 (1929). 

L. J. Freeman, Proc. Roy. Soc. A124, 054 (1929). 


Configuration 

Symbol 

J 

Term 

value 

Ap 

2«2 2p2 

zp 

0 

0 

60 



1 

2 

60 

134 

84 



2 

15320 


2p2 


0 

32692 


2« 2p3 

ZJ)0 

3 

92238 

-14 



2, 1 

92262 

26‘ 2p3 

Zpo 

1, 2 

109218 

K 



0 

109223 

— 0 

2s^2p 3s 

Zpo 

0 

148911.7 

31.6 



1 

148943.3 

136.3 



2 

149079.0 

2p 3s 

Ipo 

1 

149190.0 



297 







N II 


NITROGEN II 


{Continued) 


Configuration 

Symbol 

J 

Term 

value 


2s 235 ® 

3^0 

1 

165127 


2s2 2p Zp 

ID 

2 

164613.9 


2p Zp 

W 

1 

166524.8 

60 8 



2 

166586.6 




3 

166681.7 


2p Zp 


1 

168895.3 


2p Zp 

zp 

0 

170576.7 

35 2 



1 

170610.9 




2 

170699.3 

00 . ^ 

2p Zp 

iP 

1 

174215.2 


2p Zp 


0 

178276.5 


2p Zd 

Zpo 

2 

1866U.7 

.*^0 4 



3 

186674.1 

55.6 



4 

186666.7 


2p Zd 

ip^ 

3 

186681 .0 


2p Zd 

ipo 

1 

187094.6 


2p Zd 

3jr)0 

1 

187440.6 

24. 1 



2 

187464.7 

30.3 



3 

187496.0 

2p Zd 

zpo 

2 

188860. 4 

-51.8 



1 

188912.2 

00 1 



0 

1 88940. S 

— Zo. i 

2p Zd 

ID® 

2 

190123.4 


2p 4s 

zpo 

0 

196543.4 

'll R 



1 

196595.2 

ox . 0 

1 1 0 Q 



2 

196714.5 

XiU . 0 

2p 4s 

ipo 

1 

197861.6 


2p ip 


0 

202172.2 
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NITROGEN II 


N n 


{Concluded) 


Configuration 

Symbol 

J 

Term 

value 

Av 

2p 4p 

ID 

2 

202695.7 


2p 4p 

3D 

1 

202717.2 

51 0 



2 

202768.2 

96.2 



3 

202864.4 

2p 4p 

zp 

0 

203167.0 

24.1 

70.9 



1 

203191.1 



2 

203262.0 

2p 4p 

3/S 

1 

203636. 1 


2p 4(i 

Zpo 

2 

me77.6 

64.2 

86.8 



3 

2097^1.8 



4 

209827,0 

2p 4d 

W 

2 

209929.2 


2p Ad 

3D® 

1 

210242. 1 

26.5 

36.6 



2 

210268.0 



3 

210304^2 

2p Ad 

Zpo 

2 

210707.7 

-46.1 



1 

210763.8 

-26.6 



0 

210779.3 

2p 6s 

Spo 

0 

214214 

46.8 



1 

214260.6 

127.1 



2 

214387.6 

2p 5s 

ipo 

1 

214830,3 



Configuration 

Symbol 

J 

Term 

value 

Av 

2s 2p3 

6^0 

2 

0.0 


2s 2p2 3s 

6p 

1 

168812.4 

56.0 

70.6 



2 

168868.4 



3 

158939.0 
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N n 


NITROGEN II 


(Conclvded) 


Configuration 

Symbol 

J 

Term 

value 

Av 

2« 2p2 3p 

62)0 

0 

176857.4 

15.8 

29.4 

43.1 

53.9 



1 

176873.2 



2 

176902.6 



3 

176945.7 



4 

176999.6 

2s 2 p 2 3p 

epo 

1 

178817.4 

24.1 

44.0 



2 

178841^5 



3 

178885.6 

2s 2 p 2 3p 


2 

183063.3 


2s 2p2 3d 

ep 

1 

196185.8 

15.7 

25.4 

33.6 

40.6 



2 

196201.5 



3 

196226.9 



4 

196260.5 



5 

196301.1 

25 2p2 3d 

6p 

3 

2 

197567.7 

197606.2 

-38.5 

-26.1 



1 

197632.3 

2s 223^ 3d 


0 

198150.1 

3.6 

7.9 

11.6 

14.0 



1 

198153.7 



2 

198161.6 



3 

198173.2 



4 

198187.2 
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NIII 


Z = 7 


4 electrons Is* 2s^ 2p j® 

First ionization potential = 47.40 volts 

The classification has been given by Freeman. As there were 
no intercombinations found between the doublets and quartets 
they are given in separate tables. Bowen found, in the far 
ultrarviolet, a combination of quartet levels which have not yet 
been connected with the other levels and are also given in a 
separate table. 

The absolute value of the lowest state 2s® 2p ®Pj° is calculated 
to be 384088.4 cm.“^ with respect to 2s® ^S<s of N IV. The abso- 
lute value of 2s 2p 3s “Pj is 16078.3 referred to 2s 2p •’Po of N IV. 
The distance between these two states of N IV is estimated to be 
about 58000 cm.-^. The 2s 2p® is about 310487 from the 
i/So limit. 


References 


I. S. Bowen, Phys. Rev. 29, 231 (1927). 

L. J. Fkebman, Proc. Roy. Soc. A121, 318 (1928). 


Configuration 

Symbol 

J 

Term 

value 

Av 

2s^ 2p 


i 

0 

174.4 



14 

m.4 


2s 2p^ 

W 

li 

101029.8 

-6.7 



2i 

101024.1 


2s 2p^ 


4 

131002.0 


2s 2 p 2 

ip 

4 

146874.4 

110.8 



11 

145986.2 


2p^ 

2J)0 

24 

20S070.9 

-16.6 



14 

203087. S 
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N in 


NITROGEN III 


ijConcluded) 


Configuration 

Symbol 

/ 

Term 

value 

Ap 

2s2 Zs 

2>Sf 

2 

221290.1 


2p^ 

2po 

1 

230392,2 




U 

230396,4 

4. J 

2s2 Zp 

2po 

i 

246653,4 

36.0 



n 

246689,4 

2s2 3d 


li 

267226.2 

6.9 



2| 

267232.1 


^8 


301076 

1 


3s2 4^p 

2po 


1 

311679,0 

24.8 



li 

311703,8 

Zs^4f 


2i Si 

321409 


Zs^ 5d 

2D 

li, 2§ 

343211 ? 



2(? 

3i, 4§ 

344239 


Zs^Qg 

2Gf 

3i4i 

356336.7 



Configuration 

Symbol 

J 

Term 

value 

Av 

2s 2p 3s 

4po 

i 

li 

2i 

0 

62,6 

178.3 

62.5 

115.8 

2s 2p Zp 


i 

22127.2 

35.6 

62.2 

96.2 



ij 

22162.7 



2i 

22224.9 



Si 

22321.1 

2s 2p Zp 

^8 

li 

26688.4 


2s 2p Zp 

4p 

i 

29764.3 

43.6 

58.9 




29807.8 



2i 

29866.7 
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NITROGEN III 


Nin 


{Concluded) 


Configuration 


Symbol 


J 


Term 

value 




2s 2p 3c2 


4^0 


li 

3.i 

43 


42702.8 

42737.9 
42789.7 
42861.1 


35.1 

51.8 

71.4 


2s 2p Zd 


2s 2'p Zd 


4jr)o 


4po 


3 

13 

23 

33 


45261 .0 

45274.4 

45296.4 
45324.7 


13.4 

22.0 

28.3 


23 

13 

3 


48677.8 

48732.4 

48767.5 


-54.6 

-35.1 


2s 2p 4s 


4po 


3 

13 

23 


80990.0 

81052.7 

81169.2 


62.7 

116.5 


2s 2p 4p 


2s 2p 4p 
2s 2p 4p 


2s 2p id 


2s 2p id 




4p 


4po 




3 

13 

23 

33 

13 

3 

li 

23 

li 

2i 

3i 

4i 

i 

li 

2i 

33 


89221.0 

89267.7 
89328.2 

89417.7 

90904.9 

91771.7 
91816.5 
91869.4 


46.7 

60.5 

89.5 


44.8 

52.9 


96480 

96529 

96603 


49 

74 


97760 

97787 

97816 


27 

29 


Configuration 

Symbol 

J 

Term 

value 

Lv 

2s 2p2 


i 

0 

60.3 



li 

60.3 

80.5 



2i 

140.8 


2p^ 


li 

129610.1 
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NIV 


Z = 7 


4 electrons Is^ 28^ ^So 

Ionization potential = 77 volts 

These terms are taken from the work of Freeman, from the 
work of Edl4n, and from unpubhshed material of Bowen. No 
intercombinations between singlets and triplets have been found. 
Edl4n gives the absolute value of the lowest singlet state as 
624300 cm.~^. 

In addition to the terms given here, Freeman denotes the 
following lines as W—^G combinations: 

V = 37768.9 2s 4/ Wi°—2s 5g 

V = 37780.1 2s 4/ Wi°—2s hg ^Gi 

V = 37787.7 2s 4/ Wi°—2s 5g ^Ga 

References 

L. J. Pebeman, Proc. Bog. Soc. A127, 330 (1930). 
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B. Edl£n, Nature 127, 744 (1931). 
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Configuration 

Symbol 


Term 

value 

2s2 

i/Sf 

0 

0 

2s 2p 

ipo 

1 

130687 


ID 

2 

188876 

23)2 


0 

235363 

2 s Zp 

ipo 

1 

404534 
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NITROGEN IV 


N IV 


Configuration 

Symbol 

J 

Term 

value 

A*/ 

2s 2p 

apo 

0 

1 

2 

0 

68 

^04 

68 



136 

3p2 

ap 

0 

108330 

63 

132 



1 

108393 



2 

108525 


Configuration 

Symbol 

J 

Term 

value 

A?/ 

2s 3s 


1 

0 


25 dp 

apo 

0 

28687.1 

15.8 

35.4 



1 

28702.9 



2 

287 88. S 

2s dd 


1 

42761.2 

3.5 

8.6 



2 

42764.7 



3 

42773.3 
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3 electrons 


ls2 25 % 

Ionization potential = 97.43 volts 

Edl4n and Ericson give the absolute value of the lowest state 
as 789591 cm.“^ 


Reference 

B. EdijSn and A. Ericson, Zeits. f. Physik 64, 64 (1930). 


Configuration 

Symbol 

J 

Term 

value 

A*/ 

Is® 2s 



0 


2p 

2po 

i 

804SS 

269 



U 

80714 

3s 


i 

455974 


3p 

. 2po 


477829 


3d 

2D 

li,2J 

484381 







Nal 


Z = 11 


11 electrons Is^ 2s^ 3s 

First ionization potential = 5.12 volts 

This spectrum has been taken from Paschen-Gotze and Fowler, 
It is interesting to note that 57 members of the p series are 
known. 

Two types of tables are given, the first one containing only 
the lowest terms, followed by the complete set of terms in series 
arrangement. 


Configuration 

Symbol 

J 

Term value 

Ai/ 

3s 


i 

41449.0 


3p 

ipo 

i 


17.18 



li 

2U75,65 

4s 


i 

15709.60 


Sd 

w 

li,2i 

12276.18 


4p 

2po 

i 

11181,63 

5.49 



li 

11176.14 

6s 


i 

8248.28 


id 

HI 

li, 2i 

6900.36 



2^0 

2i,3i 

6860.37 



SERIES 


mp 

m 

spjO 


3 

S44SS.83 

UJt7BM 

4 

11181.63 

11176.14 

6 

6408,83 

6m M 

6 

4162.80 

4161 .30 

7 

2008.93 

2907.46 

8 

2160.69 

21 49. 80 

9 

1666.31 

1664.08 
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Na II 


Z == 11 


10 electrons Is^ 28^ 2p^ % 

Ionization potential = 47.0 ± 0.5 volts 

The classification of this spectrum has been given inde- 
pendently by several authors. The (-Pj) 3s l 2 ^ term has 
been put equal to zero because the lowest state is not known 
with sufficient accuracy. For the notation compare Ne I. The 
absolute value of the lowest state is about 380950 cm. ^ referred 
to ^Pj of Na III. 

References 

I. S. Bowen, Phys. Rev. 31, 967 (1928). 
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S. Frisch, Zeits.f. Physik 49, 52 (1928). 
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Na n 


SODIUM II 


{Concluded) 



Configuration 

Symbol 

J 

Term value 


X. 

2?)» Zd 


lor 2 

esesz.i 


X, 

and 

2° 

lor 2 

66708.7 


X, 

2p® 4s 

3° 

2 

65858.0 


X, 


4 ° 

2 

66m. 1 


Xi 


5^ 

2 

66566.8 


Xi 


6° 

1 

6781^.7 


X, 


7° 

0 

67781.6 


Xi 


8^* 

1 or 2 

680S5.2 


X, 


9® 

1 

68179.0 
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Na III 


Z = 11 


9 electrons Is* 2s* 2p' 

The spectrum of twice ionized, sodium has been studied by 
Mack and Sawyer and by Edl6n and Ericson. Using the irregu- 
lar doublet law they have found a doublet in the far ultra-violet. 

References 


B. Edli^n and A. Ericson, Co7nptes Rendus 190, 173 (1930). 
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Configuration 

Symbol 

J 

Term value 


2s2 2p6 

2po 

li 

0 




i 

1371 


2s 2p6 


i 

264466 
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Nel 


Z = 10 


10 electrons Is^ 2s^ ^So 

Ionization potential = 21.47 volts 

This classification has been taken almost entirely from Paschen- 
Gotze. It was the first complicated spectrum ever analyzed 
and still is one of the few which are analyzed in great detail. 

The Russell-Saunders symbols cannot be used here; the terms 
in each configuration are numbered consecutively. Since all 
configurations contain the group, one can omit it in abbreviated 
notations and can write, for instance, 

3p 7i = 23157.34 

To denote on which state of the ion the term is built, one can 
write 


(2Pj) 3p 7i = 23157.34 

The original notation has been given for reference. Two tables 
are given. The first one contains only the lowest levels up to 
14000 cm.”^ The second set of tables contains all terms 
arranged according to series. 

Several neon lines show hyperfine structure. It has been 
shown by Hansen, and by Nagaoka and Mishima, that this 
hyperfine structure is due to the fact that the p^s levels are 
slightly different for the two principal neon isotopes. 
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state from far ultra-violet observations. 

W. Gbemmeb, Zeits.f. Physik 60, 716 (1928). Some new terms from obser- 
vations in the infra-red. 
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13, 283 (1930). Zeeman effect. 
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H. Hansen, Naturmiss. 16, 163 (1927). Hyperfine structure. 
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NEON I 


Ne I 



Configuration 

Symbol 

J 

Term value 



iPo 

2 p 8 


0 

173930 



Iss 

2p<’ (‘PiO 3s 

1 ° 

2 

39887.61 


g = 1.503 

lS4 


2 ** 

1 

39470.16 

^Pl 

g = 1.464 

Iss 

2p‘(‘Pi) 3s 

3" 

0 

39110.81 

®Po 


lS2 


4® 

1 

38040.73 

iPl 

g = 1.034 

2 pio 

2p‘ (*Pii) 3p 

1 

1 

25671.65 


g = 1.984 



2 

3 

24272.41 


1.329 



3 

2 

24105.23 


1.137 



4 

1 

23807.85 


0.669 

2p6 


5 

2 

23613.59 


1.229 

2pz 


6 

0 

23012.02 



2 pG 

2p‘ePj) 3p 

7 

1 

23157.34 


g = 0.999 



8 

2 

23070.94 


1.301 

2jlsi 


9 

1 

22891.00 


1.340 

2 pi 


10 

0 

20958.72 

1 


Zdz 

2 p» (=Pij) 3d 

r 

0 

mi9.87 


g = 1.396 

Zdz 


2 ® 

1 

WflB.2S 


1.24 

Zdi' 


3*^ 

4 

12339.15 



Zdi 


4*^ 

3 

12337.32 


1.374 

Zdz 


S'* 

2 

12322.26 



Zd^ 


6 ° 

1 

12292.85 



Zdi' 


7° 

2 

12229.82 



3di' 


8 ** 

3 

12228.05 



3si"" 

2p‘(‘Pi) 3d 

9° 

2 

11520.82 



3si'" 


10 *’ 

3 

11519.26 



3«i" 


ir 

2 

11500.50 



Zsi' 


12 ^* 

1 

11493.78 



2s b 

2p‘ (“Pij) 4s 

r 

2 

15328.31 

8 P 2 


2si 


2 '* 

1 

15133.47 

^Pl 


2 s 3 

2p' (“Pi) 4s 

3'^ 

0 

1451iP.47 

'Po 


2 s 2 

1 

4'* 

.. 

1 

1.', 395. 7 5 

'Pi 



Additional j 7 -values 

2p‘ (“Pii) 4d 

2p'(“Pi) 4d 

3.“ 

4a° 

II 2 * 

12i“ 

6929.46 

6928.37 

6132.51 

6121.69 

g = 1.25 
1.06 
1.269 
0.866 
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Ne 1 


NEON I 


SERIES 


2p« i/So 


173930 



2p' (.‘‘Pii) ms 

2p® (2Pj) ms 

m 

S& 

S 4 

^■mii 

s^ 


U° 

21° 


4i® 

3 

S9887.61 

39470.16 

39110.81 

38040.73 

4 

16828,31 

16133.47 

14549.47 

14395.75 

6 

8101.29 

8016.68 

7323.13 

7272.96 

6 

6004.81 

4962.10 

4223.47 

4201. 81 

7 

3396.71 

3372.37 

2616.58 

2606.42 

8 

2466.08 

2439.97 

1676.10 

1667.66 

9 

1868.06 

1848.66 

1077.33 

1072.48 

10 

1447.69 

1447.69 

674.19 

670.01 

11 

1169.61 

1164.91 

389.46 

386.17 

12 

960.90 

957.06 



13 

803.40 

800.66 
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NEON I 

{Continued) 


t^u 3 '^Oo:>coocboOTtt 

o 6 co(NO>OTjHi>Neq»d 

lOTH'CHrtHr-ICO'^C^lCOTH 
05COCOC<JO<Nt^T*<CS»TH 
O 05 O CO (M rH 
(N 


S 05 to oo lo 
CO 05 

r-i r-I d O cd 

05 <N I> to C<1 

00 <N to CO ^ 

CS O to CO cq 

C<l rH 


(M to to 

05 00 CO o 

d d d <M* r-I cd 

<N to CO O to 

O <M to CO rH CO 

CO O to CO (M 1-1 


CO O CO 

CO tH 05 tH tH 00 o 

t>! d CO rJH t> to 'liJ 

to O to CD 

»H (N to CO t-l CO OO 

CO O to CO »H 

r-t 








0-. 





<N 

05 

to 

to 

rH 

to 





O 

o 

rH 

CO 

CO 

05 

r-I 



M O 

d 

00 

d 

d 

o 

to 

d 



CD 

tH 

(N 

CO 

to 

00 

rH 

o 




o 

to 

o 

05 


o 

CO 




CO 

o 

CO 

CO 

Cd 

Cd 

tH 




<N 

rH 









05 


rH 

05 

to 

to 





to 

O 


to 

rH 

Cd 

o 

Cd 

to 

«e M 

CO 

rH 

O 

to 

05 

CO 

00 

05 

IN 

pit 

1 ^ 

05 

00 

00 

CO 

Cd 

CO 

05 

to 


CO 

00 

Cd 

Q 

00 

rH 

CO 

Cd 

o 


t CO 

o 

CO 


Cd 

Cd 

rH 

rH 

rH 


i 

tH 









to 

00- 

rH 

to 


to 





00 


00 

05 


Cd 

o 

Cd 

to 

fH 

d 

CO 

05 

d 

r— 1 

d 

oo 

d 

d 

Pm 

Q 

iH 

00 

00 

h- 

Cd 

CO 

05 

to 


00 

05 

Cd 

p 

00 

rH 

CO 

Cd 

o 

& 

CO 

o 

CO 


Cd 

Cd 

rH 


r-i 

g 

<N 

tH 



















CO 

05 

to 

tH 

to 








rH 

IN 

IN 

00 

CD 



^ 00 M 

to 

cd 

00 

HjJ 

to 

d 

d 



« a CO 

o 

CO 

CO 

rH 


CO 




a 

rH 

o 

CO 

rH 


rH 

CO 



C<l 


rH 

CO 



Cd 

rH 





rH 









1— 1 

Cd 

05 

00 








IN 

Cd 

Cd 

to 


Cd 

Cd 


01 1*0 

d 

00 

d 

Cd 

d 

d 

d 



a <N 


05 


CO 

05 



o 



(N 

o 

CO 

rH 

00 

rH 

cO 

CO 




1-H 

CO 


Cd 

Cd 

rH 

rH 



(M 

rH 









to 

05 

CO 

05 

05 








05 

Cd 

O 

to 




s 

T— 1 

rH 

d 

tH 

d 

d 




a 

t>- 

tH 

t^ 

« 

Cd 

to 





Cp 



rH 

05 

rH 





to 

rH 

CO 


Cd 

Cd 





(N 

tH 









CO 

'cH 

to 

CO 

JN 

00 

05 

o 

rH Cd 

R 








rH 

tH rH 






NEON I 



646.48 










Ne I 


NEON I 


(Concluded) 


2p« (*Pj) md 

m 

Sl"" 

sx'" 

Si" 

Si 


103° 

ll2° 

12i° 

3 

11620.82 

11619.26 

11509. so 

11493.78 

4 

6134 47 

6133.66 

6133.51 

6121.69 

5 

3640.47 

3639.75 

3640.11 

3633.43 

6 

2289.46 

2287.02 

2387.39 

2284.67 

7 

1471.66 

1470.82 

1471.00 

1468.40 

8 

942.36 

942.21 

942.30 

940.4s 

9 

679.93 

679.92 

679.98 

678.64 

10 

320.93 

320.90 

320.98 

319.94 

11 

129.10 

129.10 

129.1 



2p' (^Pxj) mf 

m 

X 

li 

y 

2s 

4 

6876.73 

6860.14 
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Nell 


Z = 10 


9 electrons Is* 2s* 2p' *Pij® 

Ionization potential = 40.9 ± 0.05 volts 

The classification is given here according to the work of Eussell, 
Compton, and Boyce. One additional doublet has been added 
by Frisch. 

The lowest state is estimated to have an absolute value of 
330429 cm.~’- with respect to the 2s* 2p* ’Pj state of Ne III. 

The classification of the 4/ terms is doubtful. 
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Configuration 

Symbol 

J 

Term 

value 

Lv 

2s2 2p« 

2po 

li 

0 

782 

-782 

2s 2p» 


i 

217053 


2s» 2p* (»B) 3s 


2i 

li 

i 

219129 

219647 

219946 

-518 

-299 

(»P)3s 

ip 

li 

i 

224085.3 

224697.5 

-612.2 

(•P) 3p 

4po 

2i 

246190.8 

-222.8 

-182.5 



li 

i 

24641S.6 

246696.1 

1 3s 


2i, li 

246379 



318 





NEON II 


Ne II 


(Continued) 


Configuration 

Symbol 


Term 

value 

Av 

2s» 2p* (»P) 3p 


3i 

249106.4 

-337.6 




248U4-0 

-249 7 



U 

249693.7 

-144.0 



i 

249837.7 


(3P) 3p 

22)0 

2i 

251009.6 

-611.0 




251620.6 


(»P) 3p 

2^0 

i. 

252896.4 


(»P) 3p 

4^0 

li 

262951.6 


(>P) 3p 

2po 

li 

25416S.0 

-127.0 



i 

264290.0 


(^i)) 3p 

2po 

U 

276272.9 

-235.4 



i 

276608.3 


i^S) Zs 


i 

276600.5 


(3?) 3d 


34 

279136.6 

-81.0 



24 

279216.5 

-106.5 



14 

279323.0 

-98.2 



4 

279421.2 


(8P) 3d 

*F 

44 

280170.6 

-628.1 



34 

280698.7 

-97.6 



24 

280795.3 

-149.4 



14 

280944.7 


(«P) 3d 

W 

24 

280267.1 

-766,8 



14 

281023.9 


(3P) 3d 


4 

280766.2 

221.5 



14 

280987.7 

181.8 



24 

281169.5 


QP) 3d 

2p 

14 

280330.4 

-859.0 



4 

280471.4 


(3P) 4s 

^P 

24 

281996.4 

-376.9 



14 

282373.3 

-305.1 



4 

282678.4 
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Ne n 


NEON II 


{Concluded) 


Configuration 

Symbol 

/ 

Term 

value 

Av 

(V) 4s 

2p 

U 

i 

283320.6 

283892.5 

-571.9 

(®P) 4/ ? 

4J)0 

3} 

2i 

li 

i 

S02827.0 

30284^.0 

302900.9 

302987.6 

-15.0 

-58.9 

-86.7 

(*P) 4/ ? 


3i 

302902.3 

303626.7 

-624:. 4 
-296.0 

315.4 



2i 

303822.7 



u 

303607.3 

4/? 


li 

303698.6 
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Ne III 


Z = 10 


8 electrons Is^ 2s^ 2p^ ®P 2 

Ionization potential = 63*2 volts 

Boyce and Compton have given the lines classified as com- 
binations between 2s^ 2p^ and 2s 2p^. They estimate the 
absolute value of the lowest state to be 511700 cm.“^ referred to 
2s2 of Ne IV. 

Reference 

J. C. Boyce and K. T. Compton, Proc. Nat. Acad. Sd. 16, 666 (1929). 


Configuration Symbol J I 

2p* fP 2 0 

1 640 

0 900 

2s 2ps spo 2 W4^90 

1 W43e0 

0 W6190 


-640 

-260 


-670 

-330 
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Ne IV 


Z = 10 


7 electrons Is^ 2s^ 2p^ 

Boyce and Compton have identified several lines in the far 
ultra-violet in the spectrum of Ne IV with the aid of extra- 
polation from other spectra. No intercombinations between 
the doublet and quartet terms were found. 


Reference 

J. C. Boyce and K. T. Compton, Proc, Nat. Acad. Sd. 15, 656 (1929). 


Configuration 

Symbol 

J 

Term value 


2s‘2p> 

4^0 


0 


2s 2p* 

4p 

2i 

183905 

-590 

-348 



§ 

184495 

184843 


Configuration 

Symbol 

J 

Term value 


2s2 2^)3 

2£)0 

2§ 

0 


2s^ 2p3 

2po 

IJ 

21216 


2s 

w 

2| 

212897 


2s 22 )* 

ip 

li 

278716 


2s 22 )* 

ip 

i 

279604 
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Nil 


Z = 28 


28 electrons Is^ 2s^ 2j3® 3s^ 3p® 3d® 4s® Wi 

First ionization potential = 7.606 volts 

Classification and assignments are. taken from the work of 
Russell. Deviations from Russell-Saunders coupling are perhaps 
too great to allow definite multiplet assignments. 

The absolute value of the lowest state is given as 61679 cm.“^ 
with respect to 3d*’ ^Di\. 


Reference 

H. N. Russell, Phys. Rev. 34, 821 (1929). 


Configuration 

Symbol 

J 

Term 

value 

Av 

3d!8 4s2 

zp 

4 

0.00 

-1332.15 



3 

1332.16 

-884.40 



2 

2216.56 


3d« 4s 

W 

3 

204.82 

-675.00 



2 

879.82 

-833.29 



1 

1713.11 


Z(P 4s 

U) 

2 

3409.96 


3^8 4s2 

li) 

2 

13521.29 


3^10 


0 

14728.92 


3^8 4s2 

zp 

2 

15609.81 

-124.22 



1 

15734.03 

-283.27 



0 

16017.30 


3# 4s2 


4 

22102.27 

- 
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Ni I 


NICKEL I 


(Continued) 


Configuration 

Symbol 

J 

Term 

value 

Av 

3d8 4s CF) 4p 

62)0 

4 

3 

2 

1 

0 

mss.sr 

26665. d7 
27Uj^.92 
27 US. 58 
28213.10 

-912.40 

-748.95 

-528.66 

-269.52 

3d» 4a CF) 4p 


6 

5 

4 

3 

2 

27260.96 

27680.48 

28068.18 

28578.10 

29013.28 

-319.52 

-487.70 

-509.92 

-435.18 

3d® 4a (^F) 4p 

B/po 

5 

4 

3 

2 

1 

28541.94 

29084.47 

29832.77 

30163.16 

30391.96 

-542.53 

-748.30 

-330.39 

-228.80 

3<i* 43> 

Zpo 

2 

1 

0 

28569.30 
29500.75 

30192.30 

-931.45 

-691.55 

3(i»4p 

zpo 

3 

29320.75 




4 

29480:96 




2 

30619.40 


3(J» 4p 

82)0 

3 

2 

1 

29668.89 

29888.47 

30912.87 

-219.58 

-1024.40 

3(P4s (»F) 4p 

HP 

5 

4 

3 

30922.61 

30979.70 

31786.13 

-57.09 

-806.43 

3<J»4p 

l/po 

3 

31031.02 


3d»4p 

12)0 

2 

31441 M 


3d»4s (’F) 4p 

zpo 

4 

3 

2 

32973.33 

33112.30 

33610.88 

-138.97 

-498.58 

3rf»4p 

ipo 

1 

32982.30 
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NICKEL I 


Ni I 


{Continued) 


Configuration 

Symbol 

J 

Term 

value 

Ap 

3(P 4s (*F) 4p 

3/)° 

3 

SSS00.80 

-662.44 



2 

34163.24 

-246.30 



1 

34408.54 


3d« 4s CF) 4p 

l(5fO 

4 

ssoQO.n 


3<P 4s (“F) 4j) 


3 

356S9.09 


3<P 4s CF) 4p 


2 

36600.78 



1® 

3 

40361.10 



2° 

2 

40484.10 


3d“ 4s OJ?) 4p 

8jp»0 

4 

4&B8B.04 

-1069.87 



3 

43654,91 




2 

— 


3d9 6s 

3D 

3 

42606.84 

-184,11 



2 

42789.96 

-1322.18 



1 

44112.13 


3d» 4s (=!>) 4p 

lj)0 

3 

436S0.9B 

-333.22 



2 

489B4.iy 




1 

— 


3d« 48 (*D) 4p 

Zpo 

2 

436BS.6B 

-2.62 



1 

436B6.87 




0 

— ■ 


3d» 4s (‘F) 4p 

ZJ)0 

3 

48767.73 

-1707.36 



2 

44476.07 

-647.22 



1 

46133.39 


3<f 4s (‘F) 4p 

zgo 

6 

43089.63 

-1225.33 



4 

44314-86 

-966.29 



3 

46381.14 


3d» 4s (*F) 4p 

Zpo 

4 

43368.67 

-1306.34 



3 

44666.01 

-863.80 



2 

46418.81 


3(J® 4s (>D) 4p 

ipo 

1 

43463.9C 

) 1 
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1 


NiCKieaL I 


(Continxied) 


Configuration 

Symbol 


Term 

value 

Av 

3<i*4s(“D)4j) 

1£)0 

2 

4S9SS.S7 


4s (2D) 4p 

1/?° 

3 

4m6.42 


Zd^ 5s 

ID 

2 

44262.52 


— 

3° 


USS6.10 


Zd^ 4s (*P) ip 

apo 

2 

1 

0 

46522.77 

47208.13 

47687.50 

-685.36 

-479.37 

Zd^ is i^P) ip 

3J)0 

3 

2 

1 

47029.98 

47139.25 

47424.93 

-109.27 

-285.68 

— 

4* 

2 

47328.6 


Zd^ 4s i^F) 58 

sp 

5 

4 

3 

2 

1 

48466.52 

49085.94 

49777.51 

50346.40 

50744.57 

-619.42 

-691.57 

-568.89 

-398.17 

3d^5p 

apo 

3 

48671.9 




4 

48715.2 




2 

50038.8 


3d» 5p 

3po 

2 

1 

0 

48735.18 

49403.30 

50138.38 

-668.12 

-735.08 

— 

5° 

1,2 

48817.6 


3d» id 


1 

48953.40 


— 

6** 

3 

49032.6 


Zd^id 


5 

4 

3 

49158.49 

49174.60 

50677.53 

-16.11 

-1502.93 
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NICKEL 1 


Ni I 


[Continued) 


Configuration 

Symbol 

/ 

Term 

value 


4d 

zp 

2 

49159.03 

-11.95 



1 

49170.98 



0 

50276.35 

-1105.37 

3d» 5p 

31)0 

2 

49184.8 




3 

49327,4 




1 

60861.0 


Zd>U 

3D 

3 

49271.35 

—56 59 



2 

49327.94 

-1388.96 



1 

50716.90 


zp 

3 

49313.51 




4 

49332.58 




2 

50834.30 


3do 6p 

1P° 

3 

6014^.8 


3d« 5p 

ipo 


60467.9 


3tZ8 4s 6s 

3p 

4 

60466.08 

-839.94 



3 

51306.02 

-734.44 



2 

52040.46 

3d« 4d 


1 

50536.74 


3d“ 6p 

ipo 

2 

60089.1 


4d 


4 

50706.26 


4d 

ID 

2 

60754.11 


3ci« 4s (2(?) 4p 

Zpo 

4 

60789.6 

-336.3 



3 

61124.8 

-218.8 



2 

61348.0 

3do 4d 

\P 

3 

50832.04 


3do 4d 


0 

61457.20 


3d» 6s 

3D 

3 

62197.41 

-74.24 



2 

62271.65 

-1432.13 



1 

53703.78 
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Ni I 


NICKEL I 


{Continued) 


Configuration 

Symbol 


Term 

value 

Ay 

3d» 6s 

ID 

2 

53753.89 


3d8 4s (2F) 5s 

3F 

4 

3 

54237. 10 
54251.24 

-14.14 



2 

55873.75 

-1622.51 

3<io 6d 


1 

54574. 65 


Zd>5d 

3(? 

5 

4 

54659.68 

54667.85 

-8.17 



3 

56172.64 

-1504.79 

3d» 6d 

3D 

3 

54699.58 

-32.85 



2 

54732.43 



1 

— 


3d» 6d 

zF 

4 

54761.22 

-10.97 



3 

54772. 19 



2 

56274.34 

-1502.15 

3d8 4s CF) 5s 

IF 

3 

55576.76 


3d9 6d 

V 

4 

56183.19 


3d9 6d 

IF 

3 

56263.05 


3d8 4se/?’) 4d 

m 

6 

56624. 60 

-1052.90 


5 

57677.50 



4 

58518.12 

-840.62 

3d« 4s {*F) 4d 

3P 

2 ! 

56710.80 

-1056.45 


1 

57767.25 



0 

58448.62 

-681.37 

3d8 4s (‘i?’) 4d 

zF 

4 

56766.40 

-1201.74 


3 

57968. 14 



2 

58629.95 

-661.81 

3d8 4s W 4d 

3D 

5 

56801.50 

-988.04 


4 

57789.54 



3 

58530.35 

-740.81 
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NICKEL 1 


Ni I 


(Concluded) 


Configuration 

Symbol 


Term 

value 


3cP 4s {*F) 4d 

sp 

3 

56821.42 

-765.21 



2 

1 

57586.63 

58525.58 

-938.95 

3d» 4s {*F) id 


4 

56857.93 

-885.70 



3 

57743.63 

3d^ 4s i^F) 4d 


7 

56885.29 

-876 66 



6 

5 

57761.95 

58520.93 

-758.98 

-518.80 



4 

59039.73 

-148.92 



3 

59188.65 

3d« 4s (^F) 4d 


6 

56954.20 




5 

57829.38 




3 

58629.50 




4 

58872.72 




2 

59117.84 


3d* 4s (,*F) id 

sp 

5 

56973.68 

-836.67 



4 

57810.35 

-777.81 



3 

58588. 16 

-404.26 



2 

58992.42 

-233.61 



1 

59226.03 

3# 4s («F) 4d 


3 

57103.91 


3d* 4s {*F) 6s 

ep 

6 

59862.40 


3d* 4s {^F) id 

3p 

4 

61832.42 


3d* 4s (*f ) 4d 


6 

61843.28 


3d* 48 W 4d 

? 

() 

61957.23 


3d* 4s {*F) 5d 

6// 

7 

62782.45 


3d* 4s {*F) 5d 


(5 

62807.61 


3d* 4s ) 5d 

Bp V 

5 

62815.49 
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Ni II 


Z = 28 


27 electrons Is® 2s® 239 ® 3s® 3p« Sd® ®£» 2 j 

First ionization potential = 18.2 volts 

This spectrum, has been analyzed by Shenstone and Menzies. 
Shenstone also investigated the Zeeman effect. The absolute 
value of the lowest state is 147000 cm.”®- with respect to 3ci!® W of 
Ni III. 

References 


A. G. Shdnstonb, Phys. Rev. 30, 256 (1927). 

A. C. Menzibs, Proc. Roy. Soo. A122, 134 (1929). 





NICKEL II Ni n 


{Continued) 


Configuration 

Symbol 

J 

Term 

value 

Av 

(3F) 4p 

4£)® ' 


61556.9 

-1180.5 



2i 

53737.4 

-896.5 



u 

53633.9 

-541.0 



1 

54174.9 


(3F) 4p 

4^0 

4i 

5336^.0 




5i 

53435.6 




3i 

64261.5 




2i 

55017.6 


{^F) 4p 

4^® 

4i 

6 45 56.1 

-860.6 



3i 

66416.7 

-657.3 



2§ 

6607 4.0 

-349.4 



li 

66433.4 


(3F) 4p 

2(yo 

4i 

66398.8 

-1071.6 



3i 

66370.4 


(3F) 4p 

2p>0 

3i 

67079.1 

-1412.7 



2i 

68491.8 


CiF’)4p 

2£)0 

2i 

67418.6 

-1285.9 



li 

58704.4 


(SP) 4p 

4p'> 

2i 

66669.7 

-8.6 



li 

66678.3 

-461.2 



i 

67039.6 


(iP) 4p 

ipo 

2i 

67693.0 

436.8 



3i 

68139.8 


(iP) 4p 

2/;o 

u 

68163.9 

681.2 



2J 

68634.1 


(iP) 4p 

2/>o 

i 

68180.3 

684.1 



li 

68864.3 


(3?) 4p 


2i 

70634.0 




11 

70706.4 




1 

70747.8 




3i 

70776.3 


(3?) 4p 

21)0 

2i 

71769.7 

-604.2 



li 

73373.9 
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Ni n 


NICKEL II 


(Conclvded) 


Configuration 

Symbol 


Term 

value 


(3P) 4p 

2po 

U 

i 

72984^0 

73801,6 

-917.5 

(®P) 4p 

2^0 


74281.8 


(»P) 4p 

4^0 


74299.1 


(iG) 4p 

2J/0 

4i 

751Ji8.A-? 

572.0 



5i 

76720.4? 

(^)4p 

apo 

2i 

76888.3 

27.8 



3i 

76916.1 

(}G) 4p 

iQO 

3i 

79821.6 

101.1 



4i 

79922.6 

(V) 5s 

4P 

4i 

34 

24 

14 

92797.3 

93322.7 

93386.8 

94063.9 

-525.4 

-1064.1 

-677.1 

(»P) 6s 

2p 

34 

24 

93525.1 

94725.9 

-1200.8 
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0 1 


Z = 8 


8 electrons Is^ 2s^ 2p^ ‘T 2 

First ionization potential = 13.550 volts 

The terms in this table are taken from the most recent investi- 
gation of this spectrum by Hopfield, which is based on previous 
work by several other spectroscopists. The absolute term values 
are all given with respect to the 2p^ level of 0 II, but many 
of them are actually built upon other states of 0 II, denoted in 
the configuration symbols. This causes many terms to have 
negative values. 


Reference 

J. J. Hopfield, Phys. Rev. 37, 160 (1931). 


Configuration 

Symbol 

J 

Term value 

Ap 

282 2p4 

zp 

2 

1 

0 

109837.3 

109679.17 

109610.62 

-168.13 

-68.66 



2 

93969.6 


2p4 


0 

76044.6 


2p» {*S) 3s 


2 

Sdoeo.o 


2p» (,*S) 3s 

3^0 

1 

SSO 43 .S 


2p’ {*S) Zp 

zp 

1 

23211.9 

2.7 

3.4 



2 

23200.2 



3 

23205.8 

2p> (‘6’) Zp 

zp 

0, 1 

21207.7 




2 

21207.2 


2p» 4s 

6^0 

2 

U368.6 


2p> (‘S) 4s 

3,50 

1 

mu. 5 
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OXYGEN I 


Configuration 

Symbol 

J 

Term value 


22)3 (4^) Zd 

i])0 

0, 1, 2, 3, 4 

mi7.3 


22)3 (4^) 3d 

ZJ)0 

1, 2,3 

12350.0 


22)3 (4^) 42) 

6p 

3 

2 

1 

10744.3 

10743.7 

10742.5 

-0.6 

-1.2 

2pS (<S) 4p 

ap 

0, 1,2 

10157.5 


22)3 (2D) 3s 

3D° 

3 

2 

1 

8702.9 

8690.9 
8683.0 

-12.0 

-7.9 

2p8 (4;Sf) 6s 

5^0 

2 

7720.8 


2p> (<S) 5s 

8^0 

1 

7425.6 


2p3 (2D) 3s 

ID° 

2 

7168.5 


2p3 (4^) 6s 

5^0 

2 

4817.9 


2p3 (4^) 6s 

3^0 

1 

4672.8 


2p3 (4^) 7s 

6^0 

2 

3291.9 


2p3 (4^) 7s 

3^0 

1 

3210.2 


2p3 (2i)) 3p 

3P 

2 

1 

-3456.4 

-3459.8 

-3.4 

2p3(2D)3p 

3P 

4 

3 

2 

-3876.1 

-3883.0 

-3888.7 

-6.9 

-5.7 

2p3 (2P) 3s 

zpo 

2 

1 

0 

-4072.1 

-4082.5 

-4088.8 

-10.4 

-6.3 

2p3 (2P) 3s 

ipo 

1 

-6083.5 


2p3 (2D) 4s 

17)0 

2 

-12964.5 
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OXYGEN I 


O I 


{Concluded) 


Configuration 

Symbol 

J 

Term value 

Av 

2s 2p^ 

3/>0 

2 

-134,58.0 

— 58 9 



1 

-issie .9 

-32.0 



0 

-13643.9 

2*2 2p’ i^D) 3d 


3 

-14487.5 


2p> (W) 4p 

3D 

3 

-15936.6 

-7 4 



2 

-1594:4.0 

-5.0 



1 

-15949.0 

2p= (»P) 3p 

3D 

3 

-17443.8 

-5.7 


2 

-17449.5 

-3.4 



1 

-17462.9 

2p3 (2D) 6s 

1 J )0 

2 

-19295.5 


2p* (2D) 6s 

l [)0 

2 

-22088.5 


2p2 (2D) 7s 

ID® 

2 

-23574.5 
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7 electrons 


1$^ 2s2 2p^ 


First ionization potential 34.93 volts 

The classification of the first spark spectrum of oxygen has 
been taken from the most recent work of Russell. He has 
given a complete term table. The absolute values have been 
determined by Fowler from a sequence of three s terms. 

^References 


H. N. Rtjssbll, Phys. Rev. 31, 27 (1928). 
C. Mihul, Ann. de Physique 9, 261 (1928). 


Configuration 

Symbol 

J 

Term 

value 


2s^ 

4^0 


S830$8 


2s2 2p3 

2/)0 


256210.5 

-29.8 



li 

256190.7 

2s2 2p» 

2po 

i 

242560.0 

4.6 



U 

242555.5 

2s 2p^ 

4p 

2i 

163190 

— 163 



14 

163027 

-82 



4 

162945 

2s 2p* 

2Z) 

24 

117033.2 

-8.3 



14 

117024.9 

2s2 2p2 (3?) 3s 

4p 

4 

97785,6 

106.3 



14 

97680.3 

158.6 



24 

97521.7 

3s 

2p 

4 

94132.5 

180.0 



.14 

93952.5 

2s 2p* 


4 

87310.6 
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OXYGEN II 


O II 


{Continued) 



Symbol 


Term 

Au 

Configuration 

J 

value 

2s2 2p2 (»P) 3p 

2S° 

X 

79078.7 



Hr 

\ 

76290.1 

55.5 



14 

7 6^34- S 

91.6 



24 

76143.0 

124.6 



34 

76018.4 

2s* 2p* (ID) 3s 


24 

76049.6 

-1.0 


14 

76048.6 


2s* 2p* (*P) 3p 

ipo 

4 

74674^8 

46.1 


14 

74628.7 

92.0 



24 

7 4536. 7 

3p 

2/)0 

14 

71498.9 

190.7 



24 

71308.3 

Zp 


14 

70869.0 


2s 2p‘ 

ap 

14 

70435.6 

-173.0 


4 

70262.6 

2s* 2p* (*P) 3p 

2po 

4 

68851.3 

69,8 


14 

68791.4 

2s* 2p* (*D) 3p 

apo 

24 

54397.6 

23.6 


34 

54374.0 

■ 3p 

8£)0 

24 

53074.3 

-21.6 


14 

53053.7 

2s* 2p* («P) 3d 

4p 

14 

61724.9 

54.0 


24 

51670.9 

77.9 



34 

61693.0 

102.3 



44 

61490.7 

2s* 2p* (*D) 3p 

apo 

4 

50640.8 

46.6 


14 

6 O 494.3 

2s* 2p* (*P) 3d 

4p 

24 

50568.1 

-73.1 


14 

60486.0 

-66.6 



4 

60418.6 
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OXYGEN II 


o n 


{Continued) 


Configuration 

Symbol 


Term 

value 

Ay 

2s2 2p2 (3p) 3d 

*D 

4 

50309.4 




li 

50275.0 




34 

50267.1 




24 

50224.7 


3d 

ap 

24 

50273.4 

211.6 



34 

50061.8 

3d 

%p 

14 

49590.8 

-114.0 



i 

49476.8 

3d 


14 

48618.4 

52.0 



24 

48566.4 

2s» 2p2 (>P) 4s 


4 

44394.8 

105.4 

161.4 



14 

44289.4 



24 

44128.0 

4:5 

ip 

4 

42692.1 

187.5 



14 

42504.6 

2s2 2p2 (3P) 

ipo 

4 

37263,/,. 

48.5 

86.5 

126.1 



14 

37 20/,. 9 



24 

37118./, 



34 

36992.3 

(3P) 4p 

2po 

14 

34S07.0 


2s^2p^{W)3d 

2p 

34 

31800.0 

-103.2 



24 

31796.8 

3d 

2X) 

14 

29974.7 




24 

29972.6 

2. 1 

3d 

2G 

44 

30413.2 




34 

30412.0 

— 1.2 

3d 

2p 

4 

29231.4 




14 

29229.0 

2.4 

3d 


4 

27398.5 
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OXYGEN II 


o n 


{Concluded) 





Term 


Configuration 

Symbol 

J 

value 

2s® 2p® (®P) 4S 

4D° 

35 

VSZ9.5 

-121.7 


25 

27207.8 

-98.9 



15 

27108.9 

-85.6 



5 

270^3.3 

4/ 

4QO 

65 

m^3.^i 


if 


15 

36937. A 

4.1 


25 

36933.3 

36 5 



35 

36897.8 

13.1 



45 

36884.7 

2s® 2p® (•?) 6s 

4P 

5 

15 

25327.2 

25223.0 

104.2 

175.9 



25 

25057.1 

5.S 

2p 

5 

24612.3 

193.1 



15 

24419.2 

2s® 2p® ('!>) 4s 

W 

25 

15 

23734.7 

23733.9 

-0.8 

2s®2p®(»P)5/ 

Hr 

35 

17376.4 

-39.6 


25 1 

17336.8 


6/ 


45 

17031.8 

-11.6 


35 

17010.3 


6/ 

1*^ 

15, 25 

17618.3 


5/ 

2“ 

5, 15 

17048.6 


6/ 

3” 

25, 35 

16976.0 


2s® 2p® (‘O) 4c? 

ap 

35 

8640.0 ? 

-0.4 


25 

8639.6 

4(i 


3J 

8027.5 

1.9 



45 

8025.6 

2s® 2p® (‘D) if 


35, 43 

; 7338.8 


if 

apo 

25, 3! 

1 7141 .3 


if 

2/)0 

15, 2j 

t 6961.8 


if 

2po 

45, 6i 

3 6911.8 


if 

2p® 

5,1’ 

5 6767.0 
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0 III 


Z = 8 


6 electrons ls“ 2s^ 2p* ^Po 

Ionization potential = 54.87 volts 

The classification of 0 III has been given by Fowler, Mihul, 
and Bowen. The term values here have been taken from Fowler 
and from Freeman. The absolute value of the lowest state 
has been given as 444661 cm.~^ Intercombinations between the 
singlets and triplets have been found but not with the quintets 
which are therefore given in a separate table. 

References 

C. Mihtjl, Comptes Rendus 183, 1035 (1926); 184, 89; 184, 874; 184, 1055 
(1927). 

I. S. Bowen, Phys. Rev. 29, 241 (1927). 

A. Fowler, Proc. Boy. Soc. A117, 317 (1928). 

L. J. Freeman, Proc. Roy. Soc. A124, 654 (1929). 


Configuration 

Symbol 

J 

Term 

value 

Ap 

2s®2p2 

zp 

0 

0 




1 

116 

116 



2 

309 

193 

2s* 2p* 

ID 

2 

20276 


282 2p2 


0 

43189 


2s 2p® 

3 D® 

3 

1S00S8 

-28 



1,2 

imse 

2s 2p® 

Spo 

1,2 

14SS8Ji. 

-16 



0 

14^400 

2s 2p2 

ipo 

1 

810464 


2s 2p3 

350 

1 

197089 
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OXYGEN III 


O III 



341 




0 III 


OXYGEN III 


{Concluded) 


Configuration 

Symbol 

J 

Term 

value 

Av 

2s^ 2p 4s 

ipo 

1 

35^943 f 



ID 

2 

365791.4 


4p 


1 

366554.41 

107.10 


2 

366661.51 



3 

366868.54 

207 . 03 

4p 

^JS 

1 

368019.70 


4p 


0 

369668 ? 


4p 

8p 

0 

370394.2 

89.0 



1 

370483.2 



2 

370591.7 

108.6 

ip 


1 

371680 ? 



Configuration 

Symbol 

/ 

Teim 

value 

Av 

2s 2p» (<P) 3s 

sp 

1 

0.0 

124.4 


2 

124.4 



3 

285.6 

161.2 

3p 

6£)0 

0 

26949.9 

34.8 

68.5 



1 

26984.7 



2 

^70BS.2 



3 

S715S.S 

100.1 



4 

27380,6 

127.3 

3p 

Bpo 

1 

29960.5 

57.2 



2 

30017.7 



3 

30118.9 

101.2 

3p 

6^0 

2 

37601.8 


3<2 

sp 

1 

55950.5 

38.7 



2 

55989.2 



3 

56046.8 

57.6 



4 

56122.5 

75.7 

92.1 



5 

56214.6 
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0 IV 


Z = 8 


5 electrons W 2b^2'p T*® 

First ionization potential = 77 volts 

Classification is given according to Freeman and Bowen. As 
no intercombinations are found, the quartets and doublets are 
given in separate tables. The two quartets found by Bowen 
from far ultra-violet observations have not yet been connected 
with the other terms and are also given separately. Freeman 
gives the absolute value of 2s 2p 3s as about 623500 cm."^ 
with respect to 2s 2p of 0 V. 

References 


I. S. Bowen, Phya, Rev. 29, 231 (1927). 

L. J. Freeman, Proc. Roy. Boc, A127, 330 (1930). 


Configuration 

Symbol 

J 

Term 

value 

Aj' 

2«2 2p 

>ipo 

i 

11 

0 

S87 

387 

2s 2p2 


21 

11 

126936.4 

126949.3 

-12.9 



1 

1643C8 



zp 

1 

180482 

246 



n 

180728 

2p3 


to 

28rjlS8 

-27 



11 

255186 


ipo 

i.li 

289024 


2s2 3s 


1 

357713.0 


2s2 3p 

2po 

1 

890269.4 

87.0 



14 

390346.4 

2s2 3d 

W 

14 

419631.8 

16.6 



24 

419648.4 
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0 IV 


OXYGEN IV 


Configuration 

Symbol 

J 

Term 

value 

Av 

2s 3p 3s 


li 

2i 

0 

136.1 

382.0 

135.1 

246.9 

2s 2p Zp 


i 

29486.9 

78.8 

135.5 

209.7 



U 

29566.7 



2i 

29701.2 



3i 

29910.9 



U 

35629.3 




§ 

39999.2 

94.5 

129.1 



li 

2i 

40093.7 

40222.8 

2s 2p Zd 

ipo 

li 

66319.0 

78.8 

112.4 

154.1 



2i 

66397.8 



3i 

66610.2 



4i 

66664:3 


42)0 

i 

60917.9 

28.9 

46.7 

64.6 



li 

60946.8 



2i 

60993.6 



3i 

61068.1 


4po 

2i 

li 

66246.0 

66369.4 

-113.4 

-79.2 



i 

65438.6 


Configuration 

Symbol 

J 

Term 

value 

Av 

2s 2 p 2 

2p3 

4p 

i 

li 

2i 

li 

0 

132 

317 

160100 

132 

185 
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4 electrons 


W 2s^ ^So 


Ionization potential = 113 volts 

Bowen has classified some of the lines found by Edl6n and 
Ericson, and added it to the previous work of Bowen and Mil- 
likan. The singlets are from the work of Edl6n who gives the 
absolute value of the lowest state as 917439 cm."^ No inter- 
combinations have been found. 

References 


1. S. Bowen and R. A. Millikan, Phya. Rgd, 26, 150 (1925). 
B. Edl]6n, Nature 127, 744 (1931). 

I. S. Bowen, unpublished material. 


Configuration 

Symbol 

J 

Term value 



0 

0 

2s 2p 

ipo 

1 

1/1879/) 

2p2 

w 

2 

231719 

2p2 


0 

287907 

2s 3p 

ipo 

1 

/)808^^8 


Configuration 

Symbol 

j 

Tonn 

value 


2s 2p 


0 

0 

135 



1 

2 

135 

HI 

306 

2p2 

5p 

0 

131618 




1 

131674 




2 

131941 

ZD/ 
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0 V 


OXYGEN V 


{Concluded) 


Configuration 

Symbol 

J 

Term 

value 


2s 3s 


1 

46fil20 


2s Zd 

3D 

1,2,3 

fil8840 


2s 4d 


1, 2, 3 

660260 


2s fid 

3D 

1, 2,3 

724330 


CD 

3D 

1, 2,3 

759120 
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0 VI 


Z = 8 


3 electrons 2s 

Ionization potential = 137.48 volts 
This classification has been given by Edl(5n and Ericson. 


Reference 

B. EdliSn and A. Ekicson, Zeits. f. Phtjsik 64, 64 (1930). 


Configuration 

Symbol 

J 

Term 

value 

Av 

2s 


i 

1114206 


2p 

2po 

i 

14 

1017822 

1017294 

628 

3s 


4 

474124 


3p 

jpo 

4.14 

4479S9 


Sd 

w 

14, 24 

439606 


4p 

2po 

4,14 

290946 


4d 


14, 24 

246964 


5d 

1 

14, 24 

158747 
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Z = 76 


Os I 

76 electrons 

Only these six low even levels have been reported up to the 
present. 


Reference 

W. F. Meggers and 0. Laporte, Phys. Rev. 28, 642 (1926). 


Symbol 

Term value 

1 

0.0 

2 

3931.0 

3 

4169.5 

4 

5144.0 

5 

8732.8 

6 

11020.5 
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15 electrons 


Is* 2s* 2p« 3s* 3p* *8ii 


McLennan and McLay have found several of the low levels 
of the arc spectrum of phosphorus. They have found no inter- 
combinations between the quartet and doublet systems and so 
they are listed separately. 


References 


J. C. McLennan and A. B. McLay, Trans. Roy. Soc. Can. 21, 592 (1925). 
Levels given here. 

D. G. Dhavale, Nature, 123, 799 (1929). Uncertain and sketchy additions. 


Configuration 

Symbol 

J 

Term 

value 

Av 

3s* 3p’ 

3s* 3p* (’P) 4s 

*P ' 

li 

§ 

li 

n 

0 

55944 

56095 

56344 

161 

249 


Configuration 

Symbol 

J 

Term value 

Av 

3s* 3p* 

2£>o 

li 

0 

14.6 



2i 

U.6 

3s* 3p» 

ipo 

i 

7862.2 

26.3 



li 

7387.B 

38* 3p* (*P) 4s 

2P 

i 

46616.1 

297.7 



li 

46813.8 

— 

1 

li or 2i 

63796.3 



2 

li 

66196.1 

ip V 


3 

i 

66770.2 
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Z = 15 


PII 

14 electrons 2s^ 2p^ Ss^ Sp^ ^Pn 

First ionization potential = 19.8 volts 

The classification has been taken from the work of Bowen. 
The absolute value of the lowest state 3p^ ®Po is given as 
160497.7 cm.“^ referred to 3p ^P^® of P III. 


Reference 

I. S. Bowen, Phy$. Rev. 29, 510 (1927). 


Configuration 

Symbol 

J 

Term value 

6.V 

3s2 3p2 

sp 

0 

0 

166.3 



1 

166.3 

304.6 



2 

469.9 

3s^ Bp 3d 

ZJ)0 

1 

65m .7 

20.3 

34.7 



2 

65272.0 



3 

65806.7 

3s^ 3p 3d 

zpo 

2 

76763.8 

1 i 

O 00 

bo 



1 

76812.2 



0 

76823.0 

3s® 3p 4s 

Spo 

0 

86597.7 

146.4 



1 

867U-1 

380.7 



2 

87124^8 

3s® 3p ip 

3Z> 

1 

103166.7 

173.5 

328.7 



2 

103339.2 



3 

103667.9 

3s 3p3 

3po 

1 

104.054-6 

48.4 

93.4 



2 

104103.0 



3 

104196.4 

3s® 3p ip 

zp 

0 

105224.5 

78.1 

247.3 



1 

105302,6 



2 

105649.9 
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PHOSPHORUS II 


p n 


{Concluded) 


Configuration 

Symbol 

J 

Term value 

Av 

4p 


1 

106001.5 


a? 3p’ 

spo 

0 

— 




1 

iiom.9 

38.6 



2 

110292.6 

3s2 3p 5s 

apo 

0 

12SSU4 

111.3 



1 

123456.7 

435.6 



2 

123891.2 

3s® 3p 4d 

1° 

? 

127367.7 


2° 

? 

127699.8 



3® 

? 

127889.3 



4® 

? 

127934.7 



5^ 

? 

127960. 1 
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PHI 


Z = 15 


13 electrons Is^ 25 ^ Zs^ Zp 

First ionization potential = 30.0 volts 

The classification is given by Bowen and Millikan with the 
higher terms as taken from Saltmarsh. These higher terms 
are connected to the lower terms only by the combination 
4p-3s2 5d, The absolute value of the lowest state is given 
as 243332.1 cm.”^ referred to Zs^ of P IV. The quartets have 
not been connected with the other terms. 

References 


R. A. Millikan and I. S. Bowen, Phys. Rev. 26, 600 (1925). 
M. O. Saltmaesh, Proc. Roy. Soc. A108, 332 (1925). 

I. S. Bowen, Phys. Rev. 31, 34 (1928). 


Configuration 

Symbol 

J 

Term 

value 

Ap 

35** Zp 

2po 

i 

li 

0 

669.6 

659.6 

3s 3p2 

2 D 


74916.4 

29.4 




74945.8 

35 3p^ 


i 

100197.0 


35 3p** 

2p 

i 

109035.4 

376.2 



U 

109410.6 

Zs^Zd 

W 

n 

116870.7 

11.4 



2i 

116882.1 

35245 


i 

117834.3 


3s2 4p 

ipo 

i 

I4IS74.S 

136.6 



li 

141510.9 

352 4 d 


li, 2i 

172427.6 
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PHOSPHORUS HI 


P III 


{Concluded) 


Configuration 

Symbol 

J 

Term 

value 

Ai/ 

3s2 5s 


i 

176039.3 


SsM/ 

2^0 

2h 3i 

178658.8 


3s^ 5p 

2po 

i 

185887 

62 



li 

186939 

3s*6(i 

“O 

li 2i 

200745 


3s“6s 

2^ 

i 

202482 


3s* 6(2 

2D 

li, 2i 

213970 


3s* 7s 

2/S 

i 

216216 



Configuration 

Symbol 

J 

Term 

value 

A>/ 

3s 3p2 

3p3 

VSf^ 

i 

li 

2i 

li 

0 

205.0 

531.5 

102793.1 

206.0 

326.6 
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P IV 


Z = 15 


12 electrons Is^ 2s^ 2p® Ss^ ^>So 

The classification is taken from the work of Bowen and Milli- 
kan. One strong line has been identified as the main singlet 
combination. No intercombinations between singlets and trip- 
lets have been found. 


Reference 

I. S. Bowen and R. A. Millikan, Phys. Rev. 26, 591 (1925). 


Configuration 

Symbol 

J 

Term 

value 

Ap 

3s 3p 

apo 

0 

0.0 

128.6 



1 

128.6 

567.9 



2 

696.6 

3p2 

zp 

0 

1 

97021 

97264 

243 

470 



2 

97735 

3s 3d 

3D 

1, 2, 3 

121476 


3s 4s 


1 

158974 


3s 4p 

apo 

0 

188629 

59 

148 



1 

188688 



2 

1888S6 

3s 4d 

3D 

1 

225317 

a 



2 

225323 

D 

8 



3 

225331 

1 3s 5s 


1 

241182 



Configuration 

Symbol 

J 

Term value 

3s2 


0 

0 

3s 3p 

ipo 

1 

105W0 
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Z = 15 


P V 

11 electrons Is^ 2s^ 3s 

First ionization potential = 64.70 volts 


The classification has been given by Millikan and Bowen. 

Reference 

R. A. Millikan and I. S. Bowen, Phys. Rev. 26, 295 (1925). 


Configuration 

Symbol 

j 

Term 

value 

Av 

3s 


i 

524491.2 


Zp 

ipo 

4 

14 

436841.8 

436047.0 

794.8 

Zd 

W 

1J,2J 

320296.0 


is 


4 

261640.7 


ip 

ipf> 

4 

U 

220339.0 

220056. 1 

283.9 

id 

W 

14. 24 

179101.1 


4/ 

2po 

24. 34 

171909.4 


5a 


4 

147868.7 


5/ 

•ipo 

24. 34 

110036.6 


% 

'^G 

34. 44 

109818.4 


Off 

'^G 

34.44 

76278.6 


5h 

nr 

44.54 

76265.2 
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Pbl 


Z = 82 


82 electrons 

I52 2s2 2p6 352 3 p« 3 dio 4 s 2 4/^4 5^2 5^6 5^10 6^2 5^2 

Ionization potential = 7.38 volts 

These terms were obtained from a paper by Gieseler and Gro- 
trian together with unpublished infra-red data kindly given to 
us by Dr. Randall. 

Gieseler and Grotrian give a series of terms which combine 
with the levels of the configuration and which they believed 
to be pf states. These terms have been omitted here. The 
absolute values of all terms are given with respect to &p of 
Pb 11. 

The low terms are given in the first table; all terms are given 
in the other tables in series form. 

References 

H. Gieseler and W. Grotrian, Zeits. f, Physik 34 , 374 (1925); and 39 > 
371 (1926). 

H. M. Randall, unpublished data. 

E. Back, Zeits. /. Physik 37 , 193 (1926) ; and 43, 309 (1927) . Zeeman effect. 


Configuration 

Symbol 

/ 

Term 

value 

^-values 


zp 

0 

59821 




1 

52004 

1.501 



2 

49173 

1.268 


ID 

2 

38365 

1.230 



0 

30365 


6p (“Pi) 7s 

1® 

0 

S4863 



2® 

1 

2Ji5m 

^Pi 1.349 

6p (>Pi) 7p 

1 

1 

16906 



2 

0 

15424 



3 

1 

15149 



4 

2 

15014 


6p (2Pi) 6d 

r 

2 

lliSSO 

0.796 


2“ 

2 

13763 

1.247 


3° 

1 

1376J^ 

0.864 


4® 

3 

13Jt94.5 

1.116 
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LEAD I 


Pb I 


SERIES 


6*2 6p* 

*Po 

’Pi 

’P 2 


’-So 

59821 

52004 

49173 

38365 

30365 


m 

6«2 Qp {H^i) ms 

Qs^ 6p (^Pij) ms 

lo“ (’Po") 

2i" 

32° (3P2°) 

4s° ('Pi”) 

7 

24863 

24536 

116S4* 

10383** 

8 

11096 

111 S 6 *** 

-8820 f 


9 

6348 

6813 



10 

4112 

4103 



11 


2883 



12 


2134 



13 


1644 



14 


1305 



16 


1060 



16 


878 



17 1 


741 





367 

















Pb I 


LEAD I 








Pb II 


Z = 82 


81 electrons 

ls2 2s2 2 p6 3s2 339 ® 4^2 4^10 4f ^ 5^2 5^6 5^10 2po 

Ionization potential == 15.0 volts 

This classification has been taken from the work of Gieseler. 
The 6s 6p2 and 6s2 6d overlap, and the separation of these 
two states has perhaps little physical meaning. All and 
terms are inverted. 

Reference 


H. Gibsblbr, Zeits.f, Phjsik 42, 265 (1927). 


Configuration 

Symbol 

J 

Term 

value 

Av 

65 ^ Qp 

2 />® 

i 

12m6 

14070 




107186 

6 s 


i 

63821 




li 

61063 

2768 



24 

51057 


6s2 7s 


4 

61818 


6s 

2D 

14 

24 

66116 

47336 

7780 

6s2 6d 


24 

52277 

-772 



14 

61506 

6s‘^ 7p 

•ipo 

4 

14 

46809 

4S996 

2813 

6s2 8s 


4 

32270 


6s2 7d 


24 

28763 

-226 



14 

28637 

6s2 5/ 

ipo 

34 

24 

28726 

28711 

-16 
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Pb n 


LEAD II 


{Concluded) 


Configuration 

Symbol 


Tenn 

value 

Av 


2po 

a 

25929 

748 



li 

26181 

6s® 9s 

2/Sf 

i 

19922 


6/ 

apo 

3i 

18874 

-13 



2i 

18361 



3i, 4i 

17687 


lOs 


i 

13516 


7/ 

apo 

3i 

12710 

-9 



2i 

12701 

6(? ' 


3i, 4i 

12272 


8/ 

apo 

3i 

9298 

-6 



2i 

9292 

79 


34, 44 

9010 


9/ 

apo 

34 

7096 




24 

7091 

— 4 

8ff 


34, 44 

6894 


9ff 


34, 44 

6444 


lOg 


34, 44 

4406 


llff 


34,44 

3640 
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Pb III 


Z = 82 


80 electrons 

Is^ 2s^ 2p« 38=“ 3p' 3di‘> 4s=“ 4p« 4^1" 4f ^ 5s=“ 5p® Sdi" 6s^ 'So 

Ionization potential = 31.9 volts 

The classification is given according to S. Smith. The lowest 
term is estimated to be 258778 cm.~^. The configurations 
assigned to the “D terms are not certain. 

Reference 


S. Smith, Phys. Rev, 34, 393 (1929); 36, 1 (1930). 


Configuration 

Symbol 

J 

Term value 

Au 



0 

0 


Qs 6p 

ipo 

0 

1 

2 

00896 

64S88 

78988 

3993 

14596 

6s 6p 

l/)0 

1 

95841 


6s 7s 


1 

160078 


6i} 6d 

H) 

2 

161882 


6s 7s 


0 

163780 



zp 

1 

166431 ? 


6s 6d 

3Z> 

1 

2 

3 

167441 

167922 

158963 

481 

1031 

6p2 

ID 

2 

164816 


6s 7p 

spo 

0 

1 

2 

17091^ 

171076 

176017 

164 

4941 

6s 7p 

Ipo 

1 

177178 
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Pb m 


LEAD III 


{Concluded) 


Configuration 

Symbol 

J 

Term value 

Av 

6s 5/ 

3^0 

3 

189780 




2 

190283 




4 

190424 


6s 5/ 


3 

190898 


6s 8s 


1 

197887 


6s 7d 

ID 

2 

199396 


6s Id 

3D 

1 

201392 

199 

450 



2 

201591 



3 

202041 
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Pb IV 


Z = 82 


79 electrons 

ls2 2s2 2p6 45 ^ 43)® 4 dio 4/^4 5^2 5^6 5^210 6 s 

Two probable classifications are proposed by Smith. Note 
that in the second classification given here the 6d is inverted. 

Reference 


S. Smith, Phys. Rev, 36, 1 (1930). 


Configuration 

Symbol 

J 

Term 

vahie 

Av 

Term 

value 

Av 

6s 


i 

0 


0 


6p 

apo 

i 

li 

761SS 

97218 

21063 

76m 

97218 

21063 

Qd 

W 

li 

2i 

184556 

186816 

2260 

188418 

186816 

-2398 

78 

hS 1 

i 

185100 


188964 


7p 

apo 

i 

15 

209780 

217849 

8063 

213648 

221713 

8066 

7d 

2D 

n 

249630 

603 

263494 

603 



2i 

250233 

264097 
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Pb V 


Z = 82 


78 electrons 

ls2 2s2 2p« 3s2 3p« Sdi® 4si* 4p6 4di® 5s® 5p“ 5d“ 'So 

These levels are taken from the work of Mack. Of the 6p 
terms only the six built upon the low d® ®D 2 j of the ion have been 
foimd. 

Reference 


J. E. Mack, Phys, Eev. 34, 17 (1929). 


Configuration 

Symbol 

J 

Term value 


5d^ (Wii) 6s 

1 

3 

0 



2 

2 

3944 


CDii) 6s 

3 

1 

— 



4 

2 

26234 


5<P (‘Dti) 6p 

1" 

2 

8404s 



2® 

3 

86S70 



3^ 

4 

iiom 



4® 

2 

113130 



5^ 

3 

115744 



6" 

1 

117076 f 
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Pd I 


Z = 46 


46 electrons 2s^ 2p^ Zs^ Zd^^ 45 ^ 4p« 4^1° % 

Ionization potential == 8.3 volts 

This classification is taken from the work of Shenstone, whose 
multiplet designation and ^-values are given in the last column. 
According to Shenstone the term 7i cannot be accounted for 
by the theory, all terms in that region predicted by the theory 
are found, but this one is superfluous. In its combinations this 
term is closely connected with the 4d® 5d group. 

Reference 

A. G, Shenstone, Phys, Rev. 36, 669 (1930). 


CJonfiguration 

Symbol 

J 

Term 

value 

Remarks 

17 -values 




0.0 



4d» (^Daj) 65 

1 

3 

6664.0 

8/J) 

1.33 


2 

2 

7756.0 


1.17 

6s 

3 

1 

10093.9 




4 

2 

11721.7 

iZ) 


4d8 6s> 

1 

4 

25101.1 

zp 



2 

3 

28213.6 

zp 



3 

2 

29711,0 

zp 


4d» 5p 

r 

2 

3 406 8. 8 

H* 

1.60 



3 

36461.3 

zp 

1.08 


3*^ 

4 

36937.8 

zp 

1.26 


4" 

1 

36180.6 

zp 

1.42 


6" 

2 

36976.8 

w 

1.03 



3 

37393.5 

H) 

1.33 

4d« 5s* 

4 

2 

37962.0 

zp 
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Pd I 


PALLADIUM I 


{Continued) 


CJonfiguration 

Symbol 

J 

Term 

value 

Remarks 

flf-values 

4<i» 5p 

r 

0 

38088.0 

zp 



8“ 

2 

38811.7 

ip 

0.72 


9° 

3 

39858.1 

ip 

1.08 


M 

O 

o 

1 

40368.6 

3D 

0.82 


ir 

2 

40771.3 

ID 

1.14 


12** 

1 

40838.7 

ip 

0.76 

6s 

1 

3 

48804.2 

3D 


2 

2 

49019.fi 

3D 


— 

U 

3 

60910.4 

4d3 6s 5p 3D ? 

•1.47 ? 

(2Dij) 6s 

3 

1 

52336.3 

3D 


4 

2 

52487.7 

ID 




20. 

3 

53457.0 


1.26 ? 


S'* 

3 

63761.6 

ip ? 



4** 

3 

64336.9 



pDaj) bd 

1 

1 

64574. 1 

3/S 


— 

S'* 

4 

64600.2 t 




6** 

3 

64673.2 


1.29 ? 

(2^2^) fid 

2 

5 

54806. 1 

3G 



3 

4 

54811.3 

36^ 



4 

2 

54820.6 

3P 



5 

1 

54822.7 

zp 


— 

7 

1 

54825.9 



4d9 (2D2i) 

6 

3 

54947.7 

3D 



7 

2 

54998.5 

3D 



8 

3 

55012.2 

3P 



9 

4 

55025.2 

zp 



10 

0 

55373.0 

zp 


— 

8** 

2 

56634.1 


0.92 ? 


9" 

2 

56336.9 




10** 

4 

56544.6 


1.06 


ir 

3 

56910.9 

3D 

1.33 


12** 

3 

57256.0 




13** 

2 

57666.2 




U° 

2 

57926.2 ? 
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PALLADIUM I 


Pd I 


{Continued) 


Configuration 

Symbol 

J 

Term 

value 

Remarks 

gr-values 

4<i» 7s 

1 

3 

68064.1 



— 

15“ 

2 

5810S.7 



4d» (»Dji) 7s 

2 

2 

68138.3 



4£i» (2Dij) M 

11 

1 

58195.3 



— 

10“ 

4 

68316.8 

id* 6s 5p *F ? 

1.25 

4<i® (*Dii) 5d 

12 

3 

58348.9 




13 

4 

58387.8 



— 

17“ 

3 

68389.8 



4(i» (=Dij) 5i 

14 

1 

68408.1 


0.91 ? 

— 

18“ 

2 

68419.1 



4d» (*Di}) 6d 

15 

2 

58448.5 




16 

2 

68556.8 

zp 



17 ' 

3 

58561.7 

ip 



18 

0 

68681.3 




19“ 

3 

B9143.1 


1.04 ? 


20“ 

1 

B9B88.4 




21“ 

2 

B9731.3 



4d» (“Djj) 6d 

1 

1 

60226.8 ? 




2 

5 

60315.6 

? 



3 

4 

60318.2 

8(7 



4 

2 

60322.0 

zp 



5 

1 

60323.4 

zp 



0 

3 

60370.4 




7 

3 

00397.9 

zp 



8 

2 

60397.9 




9 

4 

60404.0 

zp 



22“ 

3 

mms.o 

5« ? 8jP 

1.20 ? 


23“ 

1 

(10739.8 



4(i» (“Dii) 7s 

3 

1 

61602.8 

3D 



4 


61638.6 

ID 



307 


Pd I 


PALLADIUM I 


{Concluded) 


Configuration 

Symbol 

J 

Term 

value 

Remarks 

gf-values 

4d» (}D^) 8s 

1 

3 

61736.2 



— 

24** 

3 

623 16. S 


1.08 

4d“ 9s 

1 

3 

63571.7 ? 

3 /) 


4d“ (“Du) 6d 

10 

3 

63863.0 

3(7 


11 

4 

63872.7 




12 

1 

63896.3 

3D 



13 

2 

63937.4 




14 

3 

63939.8 
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Pd II 
45 electrons 


Z = 46 


2s2 2p^ 3s2 3p6 45^ 4^^^ 4d® 

Ionization potential = 19.8 volts 

These terms have been taken from the work of Shenstone and 
of Blair. Shenstone has also made an extensive study of the Zee- 
man effect. Those gr-values which differ from Land6's values are 
given in the last column. In this spectrum the division into 
multiplets is for many levels quite uncertain. 

The relative term value of the lowest state is not known with 
accuracy and for that reason Shenstone put the lowest level 
equal to zero. 

The absolute value of the lowest state is about 160600 cm.”^ 
with respect to 4d^ of Pd III. 

References 


A. G. Shenstone, Phys. Rev. 32, 30 (1928). 
H. A. Blaie, Phys. Rev. 36, 173 (1930). 


Configuration 

Symbol 

J 

Term value 

Av 

^-values 

4d0 


25 

0 

-3639 




15 

3539 


4^3 (8F) 6s 


45 

25081.0 

-2013.3 




31i 

27094.3 

-1832.7 




25 

28927.0 

-1018.6 




15 

29945.6 


4:d^ m 6s 

2F 

35 

32277.9 

-2144.1 

1.20 



25 

34422,0 

1.10 

4cZ« (3P) 6s 

4p 

25 

36281.6 

-1083.5 

-1137.4 

1.36 

1 


15 

5 

37365.0 

38502.4 

1.47 

2.73 

(ID) 6s 

*D 

15 

39571.1 

1627.2 

1.20 



25 

41198.3 

1.30 

4d« (3P) 6s 

ip 

15 

43647.8 

-292.0 

1.26 



5 

43939.8 

.69 
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Pd n 


PALLADIUM II 


( C oTiti/n/UiGci'^ 


Configuration 

Symbol 


Term value 

Ap 

^-values 

4(i« QGf) 6s 



44505.7 

-108.2 




3i 

44613.9 


4d^ (3F) 5p 

4D« 

3^ 

65247.0 

— 2715 2 




2§ 

67962.2 

-2157 6 




U 

70119.8 

-1059.1 





71178.9 


i^F) 5p 


4i 

67299.0 






68611.5 





3i 

69610.2 





2i 

71069.5 


.66 

4d‘ {’‘F) 6p 

4^0 

4i 

69878.4 





3i 

71244^7 


1.18 



1 | 

7 2$ 48.0 


.68 



2J 

73112.4 



4d8 (sp) 6p 

2Q0 

4i 

3i 

72285.0 

7 4818. 7 

-2033.7 


4d8 (SP) 6p 

22)0 

2i 

72732.6 

-2366.4 

1.05 



li 

75098.0 

.86 

4d8 (s/P) 5p 

22^0 

3i 

73327.6 \ 

-2426.1 

1.16 



2f 

75753.6 

4d® (3P) 5p 

4po 

H 

76754.5 


1.33 



2i 

76767.4 


1.36 




76807.4 


2.26 

4d8 (ID) 5p 

2po 

24 

78765.3 

942.7 

1.10 



34 

79708.0 

1.26 

4d8 (^D) 5p 

2po 

4 

14 

79612.4 

80956.1 

1343.7 

1.16 

4d« CD) 5p 

22)0 

14 

81557.2 

499.8 

1.26 



24 

82057.0 

1.25 

4d8 (3P) 5p 

42)0 

4 

81805.0 

606.3 

116.3 
528.7 

.07 



14 

82333.7 

1.22 



24 

82450.0 

1.30 



34 

83056.3 

1.29 
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PALLADIUM II 


Pd II 


{Continued) 


Configuration 

Symbol 

J 

Perm value 


^-values 

C'G) 5p 

2JEJO 

4| 

83789.7 

1803.2 




5^' 

86592.9 



4i8 QP) 5j) 

2£)0 

2i 

8S80S.S 

-569.8 




U 

84S7S.S 



4(Z8 QP) 5p 

2^0 

i 

86070.7 


1.88 

4(i« (’P) 5p 

2po 

li 

86161.0 

-2887.1 

1.50 



i 

88038.1 


.70 

4d* (‘G) 5p 

2po 

3i 

86043.1 

-1077.3 




2i 

87130.4 



4d« (’P) 5p 


li 

86379.6 



4d* (‘G) 5p 

2(7® 

3i 

89682.5 

299.9 




4i 

89983.4 



4£i« (»P) 6s 

ip 

4} 

104616.0 

-692.2 




34 

105308.2 

-2838.8 




24 

108147.0 

-1183.0 




14 

109330.0 



4d« (»P) 6s 

ip 

34 

108146.0 

-1782.6 




24 

109928.6 




1 

34 

110204.6 

d« (»P) 6d <Z) 


2 

64 

110624.5 

(»P) 5d 


3 

24 

110821.9 

(»P) 6d U) 


4 

44 

110886.6 

(»P) 5d *F 


5 

64 

110910.3 

(»P) 5d *0 


6 

64 

110986.8 

(»P) 6d *H 


7 

34 

111090.3 

(»P) 5d “P 


8 

44 

111247.0 

(>F) 5d *G 


9 

34 

113835.7 

(’P) 5d K? 


10 

34 

114001.4 




11 

24 

114228.2 

(3F) 6d 


12 

34 

114241.0 

(ap) 5d »P ? 


13 

24 

1 14647. (i 

(»P) &d 


14 

24 

114940.2 

(»P) S(i 


15 

4 

115426.9 

C’P) 5d 


16 

14 

115449.7 

(’P) 5d *Fn 


17 

34 

11.5551.5 

(•’P) 5d 


18 

34 

115771.2 

(=»F) 6d 


19 

24 

116511.6 

(ap) 6s ‘P 


20 

24 

117149.7 

(«P) 5d 


21 

14 

117332.1 

(aP) 5d 
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Pd n 


PALLADIUM II 


(Concluded) 


Configuration 

Symbol 

J 

Term value 




22 

U 

118144.6 

(3P) 6s ? 


23 


118648.5 

(3P) 5d 


24 

li 

118781.7 

CD) 6s W 


25 


118918.4 

CP) 6s 4P 


26 

i 

119080.6 

CP) 6s 2P ? 


27 


119394.6 

(}D) 6s 


28 

li 

119743.6 

CP) 6s 2P 


29 

4i 

122706.0 

CO) 6s ^ 


30 

3i 

122718.5 

(k?) 6s 


31 

li 

123755.0 

(ID) 5(£ 


32 

li 

123866.1 

(ID) 5d 


33 

2i 

124149.6 

CD) 5d 


34 

2i 

124280.3 

CD) 5d 


35 

— 

124930.0 

CD) 5d 


36 

2i 

128385.2 

CO) 5d 2D 


37 

3i 

128623.6 

CO) 5d 2P 


38 

2i 

128664.5 

CO) 5d 2P 


39 

4i 

129309.3 

CO) 5d ^ 


40 

3i 

129382.5 

CO) 5d yo 
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Z = 78 


78 electrons 

Is^ 25* 2p« 3s2 3d“ 45* 4p'* 4di" 4/^^ Ss’* Sp® 5<i« (®D 2 i) 6s “Ds 

Ionization potential = 8.9 volts 

This classification has been taken from the work of Livingood, 
who has also studied the Zeeman effect. The electron configura- 
tions can be given for only the low even terms and for the 5d» ms 
levels. The odd terms arise from the 5d» 6p and 6s 6p 
configurations. 

Reference 

J. J. Livingood, Phys. Rev. 34, 185 (1929). 
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Pt I 


PLATINUM I 


Symbol 

J 

Term 

value 

g^-value 


6 

1 

S6781.6 

368U‘’^ 

2 

S73/t2.1 

4 

37690.7 

3 

37769.0 

5 

38636.2 

2 

38816.9 

4 


2 

40616.3 


2 

40787.9 

0 

40873.5 

3 

40970.1 

1 

41802.7 

3 

42660.2 

1 

4S187.8 

3 

48946.7 

4 

444S2.7 

2 

44444.4 

*t*r'T'T*T • T 

3 

447 so. 3 

1 

46398.4 

0 

46007.3 

2 

46170.4 

2 

46419-4 

0 

46433.9 

3 

46622.6 

3 

46793.9 

4 

46966.1 

1 

47740.6 

4 

48361.9 

2 

48636.6 

3 

48779.3 

3 

49286.1 

1 

49644-6 

2 

49880.8 

1 

60066.3 
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PLATINUM I 


Pt I 


(Concluded) 


Configuration 

Symbol 

J 

Term 

value 

g'-value 



4r 

3 

S 1097. 5 

1.21 


42“ 

2 

51286.9 

1.13 


43^ 

2 

51545,5 

1.25 


44“ 

2 

5 17 52. S 

1.34 


45“ 

1 

52071.6 

1.22 

5(f 7s 

1 

3 

52379.3 

1.32 


2 

2 

52667.2 

3D 1.04 



46“ 

2 

5 2708. S 

1.46 


47“ 

1 

53019.2 

1.08 


48“ 

2 

53955.3 

1.32 


49“ 

3 

54839.2 

1.21 


50“ 

1,2 

55216.8 

0.90 

. 

51 

5 

55640.7 

1.41 


52 

4 

56784.4 

1.27 


53 

3 

59731.5 

1.3 


54 

3 

59751.2 



55 

3 

59764.3 

1.27 


50 

1 

59782.8 

1.07 


57 

3 

59872,1 

1.23 


58 

4 

59882.4 

1.17 


59 

2 

59908.1 

1.02 

6d» (“Dii) 7s 

3 

1 

60357.8 

8D 0.52 


4 

2 

60040.6 

'D 1.08 


00 

3 

60790.4 

1.07 


61 

4 

60884.0 

1.29 


62 

4,5 

64129.1 



63 

0 

64141.3 



64 

4 

64505.9 
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Ra II 


Z = 88 


87 electrons 

ls 2 252 2 p 8 3^2 3 p 6 3 rfio 452 4 p 6 4^10 4^14 5^2 5^6 5^10 5^2 7 ^ 2 ^^ 

Ionization potential = 10.2 volts 

These terms can be found in Fowler and Paschen-Gotze. 
The absolute value of the lowest state is 56653 cm.”^ 


Configuration 

Symbol 

J 

Term 

value 

6.V 

7s 

2/S 

4 

0 


7p 

2po 

4 

14 

21361 .61 
26208.82 

4857.21 

8s 

2/S 

4 

43405.07 


6d 

2D 

14 

48743.9 

496.4 



24 

49240.28 
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Rbl 

37 electrons 


Z = 37 


I52 2s 2 2p6 3s2 3^6 3^10 452 4p6 55 2^^ 

Ionization potential = 4.159 volts 


This classification can be found in Fowler and Paschen-Gotze. 
The first table gives the low terms only, the other tables contain 
all terms in series arrangement. 


Configuration 

Symbol 

J 

Term 

value 

Av 

5s 

^JS 

i 

33689.1 


5p 

ipo 

i 

21110,2 

237.6 



li 

20872,6 

4d 

w 

li 

14334.3 


6s 


J 

13557.9 


6p 

2po 

i 

9974.1 

77.6 



li 

9896,6 

5d 

W 

li 

7988.9 

3.0 



2i 

7986.9 

7s 

1 


i 

7378.1 


4^ 

ipo 

2i, 31 

6897,6 



SERIES 


ms 

m 

“Si 

6 

33689.1 

6 

13567.9 


7378.1 



9 

3191.2 

10 

2328.6 

11 

1773.8 

12 

1397.4 
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Rb I 


RUBIDIUM I 


{Concluded) 


mp 

m 

2pj« 


5 

21110.2 

20872.6 

6 

9974.1 

9896.6 

7 

5854.2 

5819.2 

8 

3854.2 

3835.5 

9 

2729.8 

2719.6 

10 

2033.8 

2028.2 


mp 

mp 

m 


m 


11 

1573.3 

23 

265.2 

12 

1254.8 

24 

240.8 

13 

1024.2 

25 

219.2 

14 

849.3 

26 

201.7 

16 

718.0 

27 

186.0 

16 

614.6 

28 

170.6 

17 

531.7 

29 

157.5 

18 

464.1 

30 

146.3 

19 

409.7 

31 

136.2 

20 

363.6 

32 

127,1 

21 

325.3 

33 

119.1 

22 

292.0 

34 

111.1 


md 

m 

“Dii 


4 

14334.3 

Unresolved 

5 

7988.9 

7985,9 

6 

5002.4 

5000.2 

7 

3409.6 

3407.7 

8 

2468.2 

2467.0 

9 

1868.8 

1867.6 

10 

1464.6 

1463.5 

11 

1182.7 

1176.7 


mf 

m 


4 

6897.6 

5 

U18.2 

6 

3068.0 

7 

3363. 
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Rb II 

36 electrons 


Z = 37 

ls2 2s* 2p« 3s* 3p« 3di» 4s* 4p6 i,So 


Ionization potential about 27.3 volts 

This classification has been given by Miller and Laporte. 
The and levels overlap and cannot be distinguished 
with certainty. The probable identification of the p®s levels 
given by Miller and Laporte is indicated in the last column. 
The absolute value of the lowest state is given as 221862 cm.-* 
with respect to the *Pij of Rb III. 

Reference 


G. 11. Miller and O. Laporte, unpublished material. 


Configuration 

Symbol 

/ 

Term 

value 




0 

0 


4]>® 4d 

r 

1 

120463. BS 


and 

2® 

2 

128393.70 


5n 

9® 

2 

msi7,w 

4p' 6s »P 



1 

1S487S.14 

4p‘ 6s »? 


3^ 

2 

mSB4.91 



4^ 

0 

lSS793Je 



5^ 

1 

140616.18 



11° 

0 

141873.24 

4p' 6s »P 



1,2 

U3027,S3 



12° 

1 1 

143437.00 

4p'> 6s *P 


7° 

2 

143030.04 



8° 

1,2 

146330.0(1 


4p6 5p 

1 

1 

154279.26 



2 

2 

166742.20 



3 

3 

156900.72 



4 

1 

168166.66 



5 

2 

168717.04 



6 

0 

161204.13 



7 

1 

163929.47 



8 

2 

164972.81 



9 

1 

166094.65 



10 

0 

167367.30 
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Rb n 


RUBIDIUM II 


{Concluded) 


Configuration 

Symbol 

J 

Term 

value 


4396 Sd 

13® 

2 

1797 AO. 11 

4p® 6 s 

and 

14® 

1 

180173.38 

4p® 6 s 

4p® 6 s 

15® 

1 

18A305.27 



16® 

2 

1848A1 >66 



17° 

3 

185131 .62 



18® 

2 

185622.53 



19® 

3 

186010.87 



20 ® 

1 

187340.37 



21 ® 

1 

188622.28 

4p® 6 s 


22 ® 

1 

189006.27 



23® 

1,2 

192380.15 
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Re I Z =75 

75 electrons 

ls2 2s2 2p« 3s2 3p® 3^1® 4s* 4p« id’-o Ss* 6 p® 5d^ 6 s* " 82 } 

Several strong lines of the arc spectrum of rhenium have been 
classified by Meggers. Many of the lines show hyperfine 
structure. 

Reference 


W. F. Meooerh, Phj/n. Rev. 37, 219 (1931). 


Configuratiaii 

Symbol 

J 

Term 

value 



2 i 

0 


8pO 

2 i 

18940.3 



li 

18966. S 



3i 

m447.6 


fipo 

24 

28864. S 



34 

28889.3 



14 

28961.3 

— - 


24 

44703. 3 
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Rhl 


Z = 4:5 


46 electrons Is^ 28^ 2p« Ss^ 3p« 4d>« 48^ 4p« 4d« 58 
Ionization potential = 7.7 volts with respect to 4d® 

In this table the work of Sommer is followed. The jf-values 
obtained by Sommer for a few levels have been indicated. 
The division into multiplets and the assignment of electron 
configurations is uncertain. 

References 


L. A. Sommer, Zeits. f. Physik 46, 147 (1927). 

W. F. Meggers and C. C. Kibss, Joum. Opt. Soc. Am. 12, 417 (1926), 
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RHODIUM I 


Rh I 


{C(mtinued) 


Configuration 

Symbol 

J 

Term 

value 

Ap 

^-value 

4^8 {}G) 5« 



16018.2 

-102.7 





16120.9 


4d» ) 5p 

iir 

35 

2707S.6 

-1784.4 




2i 

28860.0 

-1537.5 




li 

30397.5 

-749.5 

0.0 



5 

31 147.0 

4d» (’P) 6p 

>G° 

4J 

28S4S.0 




65 

29104.6 





35 

SI 102.0 


0.75 



25 

33243.5 


0.96 

4d» (»f) 6p 


45 

29431.1 

-435.4 



35 

29866.5 

-1608.3 

0.82 



25 

31 47 4 -S 

-802.8 



15 

32277.6 

0.48 

4£i» i^F) 6p 

iQO 

45 

31613.9 

-1430.2 




35 

33044 


4d« (’ f ) 6p 

ipo 

35 

32004.1 

-1942.4 




25 

33946.5 


4(i» (sp-) 5p 

iD^ 

25 

32046.5 

-1820.7 

(1.09)? 


15 

33867.2 


4(i« (’P) 6p 

ip° 

25 

35333.9 

-70.4 



15 

35404.6 

-265.3 

2.06 



5 

35669.0 

— 

r 

35 

36132.7 



4c2« ^’P) 6p 

ij)0 

35 

36787.4 

-197.8 

1.24 

(1.13)? 



25 

15 

36985.2 

38038.3 

-1053.1 

-436.1 



5 

38474.4 

0.0 

— 

2^ 

5 

37368.6 

a/>€> 



S '* 

__ 

38012.9 




4° 

15 

38211.1 

zpo 

1.26 
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Rh I 


RHODIUM I 


Configuration Symbol 


4d» i^F) 6s 


4d» {’‘F) 6s 


mbol 

/ 

JL 

value 


5'^ 


38668.9 

2po 


21 

38718.1 

2Z)® 

70 

i 

38806.6 

2 /8® 

8° 

2i 

39126.7 

2D® 

9" 

U 

39231.4 

ipo 

0 

0 

— 

39Jt94.2 


11® 

— 

39626.4 


12® 

2i 

39788.2 

2D° 

13® 

2i 

39981.6 

2D® 

14® 

— 

40134.6 


15® 

3i 

40286.2 

ipo 

16® 

2i 

40677.3 

2po 

17® 

U 

40603.8 

4^0 

18® 

i 

4O6O4.9 

2pO 

19® 

li 

40900.3 

2D® 

20® 

— 

4m4^5 


iF 

4i 

41881.1 



3i 

44444.8 



li 

45471.4 



2i 

45811.8 


if 

3i 

42292.8 



2i 

44474.9 


21® 

li 

424SI.8 

2 p< 


3i 42435.8 *F'‘ 

— 43043.6 
4SO47.8 ^F° 

2i 43421.6 *F° 

i 43729.2 “P° 

2i 43777.2 

■ 3i 44S88.S *D' 

— 44621.0 

2i 44786.8 <F‘ 

2i 46673.5 *D 

— 46160.6 


1| 46380.0 

i 46752.8 ‘U 
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RHODIUM I 


Rh I 


(Continued) 


Configuration 

Symbol 

J 

Term 

value 



35 

S'i 

47713.7 

4 /> 


36 

6i 

47775.7 

Hi 


37 

65 - 

47793.9 



38 

25- 

47832.4 



39 

4i 

47857.7 



40 

55 

47862.0 



41 

35 

47897.0 



42 

45 

47928.4 



43° 

— 

47954.1 



44° 

— 

48797.6 



45 

25 

50043.1 

ip 


46 

25 

50112.1 

H) 


47 

45 

M191.1 

HI 


48 

65 

50199.3 

m 


49 

25 

50208.0 

w 


50 

35 

50233.3 

2F 


51 

45 

50277.9 

^0 


52 

35 

60286.0 

*0 


53 

15 

60290.2 

D 


54 

1 25 

60408.6 



55 ' 

15 

60462.3 


— 

56° 

15 

60721.1 



57 

25 

61324.6 

F 


58 

25 

61366.2 



59 

15 

61419.4 

ip 


60 

25 

61477.4 

D,F 

— 

61° 

— 

61608.5 



62 

15 

61626.0 

W 


63 

25 

61636.5 



64° 

— 

62065.6 



65 

15 

52413.2 

P 


66 

5 

52473.4 

P 


67 

15, 2 

5 53223.8 

, D,F 

— 

68° 

— 

63699. S 
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Rli I 


RHODIUM I 


{Concluded) 


Configuration 

Symbol 

J 

Term 

value 


— 

69 


56898.5 

P,D 


70 


56087.5 

P,D 


71 


57610.6 

P 


72 

2§ 

58111.2 

D 


73 

44 

58315.8 



74 

24 

60744.5 



75 

24 

61618.2 



76 

— 

63544.6 



77 

24, 34 

63711.5 

G 


78 

00 

63891.1 

G 


79 


64127.3 

F,D 


80 

14,24 

64560.1 

F,G 


81 

14, 24 

64971.0 

F ij, D 2 J 


82 

4,14 

65236.5 


83 

14 

66437.6 

P 


84 

14 

66578.5 

D 


86 

14,24 

66900.4 
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Rhll 


Z = 45 


44 electrons Is*® 2s* 225* 3s* 4s* 4p* 4d* 

These terms are from the unpublished material of Livingood 
and Shenstone. While multiplet notation is used, it is to be 
noted that multiplets from 4cP 5p overlap considerably. The 
lowest state, 4d* *F, has not yet been found. 


Reference 

J. J. Livingood and A. G. Shenstone, unpublished material. 


Cofiguration 

Symbol 

J 

Term 

value 

Au 

id'' (.*F) 5s 

ip 

5 

0.0 

-1665.8 



4 

1655.8 

-1251.8 



3 

2907.6 

-854.1 



2 

3761.7 

-533.2 



1 

4294.9 


{^F) 6s 

iip 

4 

8492.1 

-2062.5 



3 

10564.6 

-1395.0 



2 

11949.6 


id'' (‘P) Ss 

6p 

3 

10916.6 

-330.0 



2 

11246.6 

-941.4 



1 

12188.0 


id'' («P) 5p 

6^0 

5 


473.9 



4 

$9662. S 

-1811.6 



3 

4H7$.8 

-1339.7 



2 


-874.8 



1 

43688.3 


W {"F) Bp 


4 

42276.8 

- 1286 . 8 



3 

43563.6 

-907.4 



2 

44471 M 

-626.1 



1 

44996.1 

-131. C 



0 

45127.7 
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Rii n 


RHODIUM II 


{Concluded) 


Configuration 

Symbol 

/ 

Term 

value 

Av 

{^F) 5p 

6(yo 

6 

42817.1 

—27 2 



5 

42844 

-1443.8 



4 

44288.1 

— 766.7 



3 

45064.8 

-348.7 



2 

45403.5 


i^F) 6p 

iQO 

6 

45309.6 

— 765 1 



4 

47074.7 

-1361.4 



3 

48436.1 


4d7 {ip) 5p 

^po 

4 

45441.2 

-1128.7 



3 

46569.9 

-1515.3 



2 

48085.2 


. 

4^7 5p 

32)0 

3 

47934.7 

— 1258.7 



2 

49193.4 

—691.0 



1 

49884.4 


4(i’ (4P) 6p 

6^0 

2 

46376.6 


4^7 (^P) 5p 

spo 

1 

52137.8 

17.5 



2 

52155.3 

115.0 



3 

52270.3 


4d^ (^P) 5p 


0 

53313.7 

343.2 



1 

53656.9 

ft Q 



2 

54473.8 

oiD . y 

348.7 



3 

54822.5 

-701.9 



4 

54120.6 





Rn I 


Z = 86 


86 electrons 

Is^ 2s2 2y)« 3s=* 3p« 3d’« 4s2 4p« 4di<> 4f ^ Ss® 5p“ 5di<> Gs^ 6p« % 


Ionization potential = 10.69 volts 
This classification is taken from the work of Rasmussen. 

Refereace 


E. Rasmussen, Zeits. f, Physik 62, 494 (1930). 


Configuration 

Symbol 


Term 

value 




0 

86691.2 


6p» (“P,j) 7s 


2 

32072,5 



1 

30703,6 

ap^o 

6p' (»Pij) 7p 

1 

1,2 

20447.8 



2 

2.1 

19986.3 



3 

3 

18653.0 



4 

1,2 

18360.6 



5 

2. 1 

17902.9 



6 

0 

16948.5 


6p' (“Pj) 7s 

3" 

0 

18783,3 



4® 

1 

17799.1 

‘P,* 


SERIES 


6p® (“Pij) Wh' 


m 

ls° (Ss) 

2,” (.s.) 

3»° (s.) 

4;' (S,) 

7 

82072.5 

30703.6 

18783.3 

17799.1 

8 

— 




9 

— 




10 

U8i.7 




11 

3097.0 




12 

2269.6 
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Rn I 


RADON I 


{Conclvded) 


(2Pij) mp 

m 

ll,2 (Pio) 

22,1 (po) 

Ss (ps) 

4i,2 (Pt) 

52.1 (po) 

6o (ps) 

7 • 

20447.8 

19985.3 

18653.0 

18360.5 

17902.9 

16948.5 

8 

9653.5 

9530.7 

9088.1 

9014.8 

8865.0 

8529.4 

9 

5692.4 

5641.1 

5438.3 

5409.0 

5341.0 

5184.0 

10 

3763.4 

3738.3 

3627.7 

3611.7 

3673.8 

3498.0 

11 



2593.5 

2584.0 

2561.0 

2507.9 

12 



1946.5 


1925.6 






6 p® (^Pij) md 




m 

lo“ (de) 

2.° (da) 

Si” (d4') 

4:° (ds) 

5,° (d*) 

61 “ (di'O 

7.0 (diO 

6 

— 

— 







— 

— 

7 

— 

— 

— 

— 

— 

— 

— 

8 

— 

— 

— 

— 

8461.7 

— 

— 

9 

5 458. 4 

6362.9 

— 

6202.1 

6178.3 

5073.4 

— 

10 

3660.0 

3696.2 

3620.3 

3605.9 

3493.4 

3438.8 

3395 . 7 

11 

12 

13 

2617.6 

2681.1 

2630.4 

1906.6 

1488.0 

2622.7 

1901.6 

2616.3 

1897.1 

1480.6 

2482.7 

1876.2 

2466.0 

1858.9 


6p' (sp.j) m/ 

m 

ii(^) 

2a.i (Y) 

3(Z) 

8 

7053.7 

7047.1 

6946.6 

9 

4499.3 

4495.2 

4445.3 

10 

3114.6 

3111.4 

3083.1 

11 

2281.8 

2280.9 
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Rul 


Z = 44 


44 electrons 2s^ 2p® 3s^ 3p® 3cJ^® 4s^ 4p® 4cZ^ 5s a 

The terms of this spectrum have been taken from a paper by 
Sommer, who also investigated the Zeeman effect. The multiplet 
assignments and electron configurations could be given for only 
a few levels, the two lowest multiplets being the only ones which 
are certain. 


References 

Sommer, Zeits.J. Physik 37, 1 (1926). 

F. Meggers and O. Laporte, Phys. Rev, 28, 642 (1926). 

F. Meggers and C. C. Kiess, Journ. 02)t. Soc. Am. 12, 417 (1926). 



Symbol 


Term 

Ap 


Configuration 

J 

value 


CF) 5s 

ip 

5 

0 

1190.6 




4 

1190.6 

900.9 




3 

2091.5 

621.7 




2 

2713.2 

392.3 




1 

3106.6 


4d' (*F) 68 

zp 

4 

6544.9 

1539 1 




3 

8084.0 

973.1 




2 

9067.4 


4d® 6s2 


4 

7483.0 

1092.2 




3 

8676.2 

608.0 




2 

9183.2 

436.6 




1 

9619.8 





0 

— 




1 

2 

8043.6 




2 

3 

8770.7 


‘Ps 


3 

1 

9072.6 


'Pi 

— 

zp 

4 

9120.3 

1633.7 




3 

10654.0 

792.8 




2 

11446.8 
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Ru I 


RUTHENIUM I 


{Continued) 


Configuration 

Symbol 

J 

Term 

value 

Av 


■ 

4 

2 

10623.0 


sPa ? 


5 

0 

11762.1 


3Po ? 


6 

1 

11785.5 




7 

4 

12816.1 




8 

2 

13645.2 


3^2 ? 


9 

1 

13981.1 


»Pi ? 


10 

2 

15053.6 



— 

ir 

4 

26464.5 




12'* 

3 

2603 6. 6 



{*¥) 5p 


4 

26312.9 

1193.8 




3 

27606.7 




2 

28466.8 

959.1 

652.6 




1 

29118.4 




0 

— 



i^F) 5p 

6p^ 

5 

4 

26816.3 

28014.8 

1198.5 

875.2 




3 

28890.6 

536.8 




2 

29427.3 

266.2 




1 

29693.6 


— 

13° 

5 

28495.2 


? 

4:d'^ CF) 5p 

6QO 

6 

28671.8 





4 

29890.9 





5 

30279.6 





3 

30537.0 





2 

30968.8 



— 

14° 

2 

30018.2 




15° 

4 

30250.3 



16° 

4 

30348.3 



17° 

3 

31044.3 



18° 

2 

31186.0 



19° 

4 

31345.6 

3(?4? 


20° 

3 

31384.6 



21° 

3 

31863.0 



22° 

2 

32207.8 



23° 

2 

32343.4 

Wz ? 


24° 

3 

32392.0 

? 


25° 

2 

33172.1 

? 
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RUTHENIUM I 


Ru I 


{Continued) 


Configuration 

Symbol 

J 

Term 

value 


_ 

26'’ 

3 

S3 430. 7 

? 


2T 

4 

3344^^9 



28'’ 

1 

SSB80.S 



29'’ 

2 

33728.8 



o 

O 

CO 

3 

34072.6 



31° 

1 

34091 .2 



32‘‘ 

2 

34881 .8 



33® 

4 

36471.1 



34° 

3 

35806.6 



35° 

3 

36760.3 



36° 

1,2 

36965.3 



37° 

2 

37118.9 



38° 

1 

37619.6 



39° 

2 

37667.9 



40° 

1 

38200.3 



41° 

1 

38587.2 



42° 

3 

38706.6 



43° 

2 

39008.8 



44° 

3,4 

39037.6 



45° 

3 

39433.9 



46° 

2 

39742.2 



47° 

1 

39916.7 



48° 

3 ? 

40025.8 



49° 

3 

40236. 7 



50° 

4 

40276,9 



51° 

4 

40439.6 



52° 

3 

40768.6 



53° 

3 

40949 . 1 



54° 

1 

41183.4 



56° 

3 

41260.5 



56° 

3 

41483.1 



57° 

2 

41756.6 



58° 

3 

4 I 88 I .3 



59° 

2 

42007,6 



60 

4 

42895.7 



61 

4 

43018.9 



62 

4 

43115.7 

? 


63° 

2 

43609.5 



64° 

3 

43976.1 


— 

65 

3 

44176.4 

•Va? 
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Ru I 


RUTHENIUM I 


{Concluded) 


Configuration 

Symbol 

J 

Term 

value 


■ . — 

66° 

2 

44^35. 0 



67° 

4 



— 

68 

2 

44970.2 

? 



69° 

3 

.5 



o 

O 

2 

46790.7 



71° 

4 

46400.9 


— 

72 

5 

46907.5 


— 

73° 

2,3 

46946.6 



74 

5 

47085.9 



75 

3,4 

47189.5 



76 

4 

47488.1 



77 

3 

47601.7 



78 

2 

49514.6 



79 

2, 3,4 

49555.1 



80 

4 

49566.3 



81 

2 

49759.0 



82 

2,3 

49883.0 



83 

2 

50522.2 



84 

2 

51619.3 
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Ru II Z = 44 

43 electrons 2s^ 2p® 35^ 3p® 3d^® 4s^ 429® 4cZ^ 

These terms are from the unpublished material of Meggers 
and Shenstone. The quartets from 4d® (^D) 5p overlap con- 
siderably. The ^-values are regular for all the low even terms 
and, with a few exceptions, for the odd terms. 

References 

W. F. Meggers and A. G. Shenstone, Phys. Rev. 36, 868 (1930). 

W. F. Meggers and A. G. Shenstone, unpublished material. 


Configuration 

Symbol 

j 

Term 

value 

4d7 


4i 

0.0 



3i 

1523.0 



2i 

2494.0 



li 

3104.2 

4d7 


2i 

8266.8 



li 

8477.4 



i 

9373.6 

4<i« ('/)) 5s 

8/) 

4i 

9161.6 


3i 

10150.6 



2i 

10861.8 



li 

11303.6 



i 

11604.1 

4d‘» (W) 5s 


3i 

19378.7 



2i 

20514.9 



la 

21246.2 



i 

21645.6 

4(i7 


2-1 

3i 

21567.8 

22289.0 

4d« (®D) 5p 

nr 

4i 




3i 

40711.4 



2i 

47284.9 



li 

47708.4 



i 

47988.7 


Ap 


-1523.0 

-971.0 

-610.2 

- 220.6 

-896.2 

-999.1 

-701.2 

-461.8 

-300.6 

-1136.2 

-731.3 

-399.3 

731.2 

-240.6 

-573.5 

-423.6 

-276.3 
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Run 


RUTHENIUM II 


{Concluded) 


Configuration 

Symbol 

/ 

Term 

value 

4<i« ('£>) 6p 


5§ 

507 S8.^ 



4§ 

608 45. S 



3§ 

60862.6 




61179.4 




61316.6 




61379.8 

4d> ('D) 5p 

epo 

3i 

61548.8 



2i 

62820.3 



u 

68685.1 

4d« ('D) 5p 

4P‘> 

4i 

62964.8 



3i 

64S26.4 




64794.8 



li 

65223.9 

4d‘ ('D) 5p 


3i 

63316.9 



2i 

64066.1 



li 

64663.2 



i 

64981.2 

4d' ('D) 6p 

4po 

2i 

66694.9 



li 

66664.6 



i 

67263.3 


Ap 


-87.1 

-17.2 

-316.9 

-137.2. 

-63.2 


-1271.5 

-864.8 


-1261.1 

-568.8 

-429.7 


-748.2 

-598.1 

-318.0 


-969.7 

-598.7 
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SI 


Z = 16 


16 electrons Is^ 2s2 Zs^ Zp"^ 

First ionization potential == 10.3 volts 

The classification of the first spectrum of sulphur has been 
given according to Paschen-Gotze, Hopfield, and Bungartz. It 
is for the most part incomplete and in many cases the identifica- 
tions are questionable. 


References 

J. J. Hopfield, Nature 112, 437 (1923). 

E. Btjngabtz, Ann. d. Phyaik 76, 709 (1925). 

J. J. Hoppibld and G. H. Dieke, Phys. Rev. 27, 638 (1926). 


Configuration 

Symbol 

J 

Term 

value 

Av 


zp 

2 

83554 

— 398 



1 

83156 




0 

82982 

-174 

3a^Zp^(.*S) is 


2 

S09S6.H 


4s 


1 



3p« i^S) 4?? 

6p 

1 

20113.9 

1 1 9 



2 

20102.7 

17 0 



3 

20084.8 

li .y 

Zp^^S) Zd 

3jr)0 

1, 2, 3 

15808 


Zp^(*S) 4s 

3^0 

1 

13389 


Zp^i^JS) 4d 


1, 2,3 

imr 


3s 3p5 

zp 

2 

11536 

—361 



1 

11174 

-189 



0 

10986 
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SULPHUR I 


S I 


{Concluded) 


Configuration 

Symbol 

J 

Term 

value 


3s2 3pM'^) 5p 

zp 

1 

9649.1 

3.6 

6.0 



2 

9645.5 



3 

9639.5 

00 

6D 

0, 1,2, 3, 4 

8586 


3p» (‘-S) 5s 

3^0 

1 

7606 


3p» (*/S) 6s 

6^0 

2 

7096.6 


Zv^{^s) 6d 

3D° 

1, 2,3 

6833 


3p»CiSf) 5d 

62)0 

0,1, 2, 3, 4 

5290 


3p»(45f) 75 

6^0 

2 

4602.2 


Zp^i^S) Zd 

81)'^ 

0, 1,2, 3, 4 

3568 


Zp^{^8) 8s 


2 

Sill 


8p»(<S) 7d 

B 2 )'> 

0, 1, 2,3,4 

2566.5 


3p>(*S) 9s 

B^o 

2 

2279 


3p»(*5) 8d 

B 2 )® 

0, 1, 2,3,4 

1931.7 


3p’ (<(S) 10s 

6^0 

2 

1741 


3p>(‘/S) 9<i 

62)0 

0, 1, 2,3,4 

1606.6 


3p» (*5) lOi 

82)0 

0, 1, 2, 3, 4 

1207.6 
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SII 

15 electrons 


Z = 16 

ls2 2s2 2p« 3s2 3p» ^Sij° 

First ionization potential = 23.3 volts 

The classification of this spectrum is given largely by Ingram 
with additions made by L. and E. Bloch. The absolute value 
of the lowest state has been obtained from only two members 
in the series ms *P and ms and found to be 188824 cm."'- 
with respect to ’P of S III. 

References 

S. B. Ingram, Phys. Rev. 32, 173 (1928). 

J. GhiLES, Comptes Retidus, 186, 1109 (1928). 

D. K. Bhattachaeya, Proc. Roy. Soc. A122, 416 (1929). 

L. and E. Bloch, Comptes Retulus, 188, 160 (1929); Ann. de Physique, 12, 5 
(1929). 

I. S. Bowen, Nature 123, 450 (1929). 


Configuration 

Syiuliol 

J 

Term value 

/^v 



n 

0,0 


3s2 3p3 


li 

1 W) 1,9 

31.5 



2i 

148 SS .4 

3s» 3p» 

2 po 

i 

11 

245 

24972.8 

48.6 

3aS 


2i 

11 

79394.8 

79767.9 

-363.1 

-210.1 



1 

79968.0 

3s Zp* 

ip 

1 

106044.02 

445.08 



u 

106598.94 

3s2 3p2 (3P) 4s 

Ap 

1 

109560.50 

290.83 



li 

109831.33 

437.00 



2i 

110268.33 

(3?) Zd 

AF 

li 

110176.83 

136 . 30 



21 

110313.13 

195.35 



31 

110508.48 

257.83 



41 

110766.31 
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SULPHUR H 


S II 


{Continued) 


Configuration 

Symbol 

J 

Term value 

Av 

3s2 (sP) 4s 

2p 

h 

112937.30 

206.92 




113144.22 

(3P) U 


i 

114162.20 

38.25 



H 

114200.45 

30.41 

48.44 



2i 

114230.86 



3i 

114279.30 

Ss^ 3p® (’P) Zd 

ip 

2i 

114804.19 

64.96 



31 

114969.14 

(3P) 3d 

2p 

li 

118146.93 


(3P) 3d 

W 

li 

119242.13 

52.90 



2i 

119295.03 

3s» 3p* (*D) 4s 

2D 


121529.43 

1.66 



2J 

121529.99 

(sp) 4p 

2^0 

i 

m 485,1 


3s2 3p2 (3p) 4p 

42)0 


imu>99 

151.23 



li 

2i 

m976,22 

128233,02 

266.80 

366.03 



3i ! 

128699,06 

3s2 3p2 (3p) 4p 

ipo 


129787.69 

70.38 

276.96 



14 

24 

129858.07 

130184.02 

(»P) 4p 

2D® 

14 

24 

130641.04 

131187.13 

646.09 

(sp) 4p 

4^0 

14 

131028.76 


— 

1 

24 or 34 

131118.27 


(3P) 4p 

. apo 

4 

133268.60 

131.27 



14 

133399.87 

— 

2® 

4 or 14 

133359.4 


— 

3 

24 or 34 

139486.31 


— 

2p 

4 

139845.6 

170.1 



14 

140015.7 
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SULPHUR II 


S II 


{Concluded) 


Configuration 

Symbol 

J 

Term value 

A*/ 

3s2 3p* (}D) 4p 

2po 

n 

140229.97 

89,33 



3i 

140319.20 

(ID) 4p 

2D° 


140708.86 

-41.21 



14 

140760.06 

(ID) 4p 

apo 

4 

14 

14S488.87 

143623.61 

134.64 

(3P) 6s 

<P 

4 

150258.48 

272 73 



14 

24 

160531.21 

160996.34 

465.13 

(»P) 5s 

2p 

4 

161384.09 

526.79 



14 

151910.88 

(»P) 4(i 

iF 

14 

151969.70 

134 90 



24 

162099.60 

210.30 

310.62 



34 

152304.90 



44 

162616.52 

(»P) 4d 


4 

163163.83 

48.01 

80.27 

131.69 



14 

163201.84 



24 

163282.11 



34 

153413.70 

(8P) 4d 

2p 

14 

166271.87 

-346.00 



4 

166617.87 

(»P) 4d 

4p 

24 

166818.70 

-210.66 



14 

166029.36 

-118.05 



4 

166148.41 

(*P) 4ci 

2p 

24 

166121.78 

482.15 



34 

166603.93 

(»P) U 

W 

14 

168666.12 

161.65 



24 

158827.77 

(ID) 4(i 

2p 

24 

164232.11 

3.12 



34 

164236.23 

(ID) 4d 


44 

164336.77 ? 

1.90 



34 

164337.67 
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sill 


Z = 16 


14 electrons Is^ 2s^ 3p^ ®Po 

Ionization potential = 34.9 ± 0.4 volts 

The spectrum of twice ionized sulphur has been given by 
Gilles and by Ingram. The terms given here have been taken 
from Ingram's work. The absolute value of the lowest state is 
282752 cm.“^ with respect to 3p of S IV. 

References 


J. Gilles, Comptes Rendus 188, 63 (1929); 188, 320 (1929). 
S. B. Ingram, Phys. Reo. 33, 907 (1929). 


Configuration 

Symbol 

J 

Term value 

Av 

3s* 3p* 

8p 

0 

1 

2 

0 

300 

835 

300 

535 

3« 3p* 

82)0 

1 

8402S 

28 

61 



2 

84051 



3 

84102 

3s 3p» 

zpo 

2 

98749 

~19 



1,0 

98768 

— 

V 

1 

136847 


38 3p» 

8^ 

1 

138066 


3s* 3p 3d 

spa 

0 

14Si01 .89 

20.20 

7.82 



1 

146122,09 



2 

146129,91 

3p 48 

zpo 

0 

146702.28 

40.24 

409.48 



1 

2 

146742.52 

147152.00 
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SULPHUE III 


s m 


(Concluded) 


Configuration Symbol 


Term value 


Av 


3s* 3p Zd 

Zp 4p 

Zp 4:P 

Zp 4:p 
Zp 4d 

Zp 4cd 

Zp 5s 


W 

zp 

zpo 

82)0 

3po 


1 

2 

3 

1 

2 

3 

0 

1 

2 


2 

3 

4 

1 

2 

3 

0 

1 

2 


147666.40 

147697.09 

147760.48 

169775.95 
170073.25 

170654.96 

172637.32 

172791.82 

173197.70 

174042.24 

204684^89 

206076.75 

206566.67 

206544^87 

206677.61 

206916.97 

209779.4 
2099S2. 1 
210708.6 


140.69 

63.39 


297.30 

581.71 


154.50 

405.88 


491.86 

489.92 


132.74 

239.36 


162.7 

771.5 
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S IV 


Z - 16 


13 electrons Is^ 25^ 2p® 

First ionization potential = 47.08 volts 

The classification has been given by Millikan and Bowen. 
They give the absolute value of the lowest state as 381541.4 

with respect to 3s2 ^Sq of S Y. 

No intercombinations have been found between quartets and 
doublets. 


References 


R. A. Millikan and I. S. Bowen, Phys. Rev, 26, 602 (1925). 
I. S. Bowen, Phys, Rev. 31, 38 (1928). 


Configuration 

Symbol 

J 

Term 

value 

Aj' 

38^ 3p 

2po 

i 

li 

0.0 

960.2 

950.2 

3s 32?2 


l§ 

94101 9 

46.2 



2i 

94148.1 

3s 3p2 


i 

123503.9 


3s d>p^ 

2p 

i 

li 

133617.9 

134243.9 

626.0 

3s2 3d 

W 

li 

152127.1 

14.3 



2i 

152141.4 

3s2 4s 


i 

181432.2 



2po 

i 

211S58 


3s? 43> 

2po 

i 

218607.4 

210.0 



li 

213717.4 
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SULPHUR IV 


S IV 


(^Concluded) 


Configuration 

Symbol 

J 

Term 

value 

Av 

CO 


U, 2i 

255390.1 


3s2 5, S' 


T 

a 

271010.4 



Configuration 

Symbol 

j 

Term 

value 

Av 

35 

*P 

i 

li 

2i 

0.0 

346.0 

889.7 

346.0 

544.7 

3p3 


1| 

126271,6 
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S V 


Z = 16 

ls2 2 s2 2pe 3s2 ^So 


12 electrons 

Ionization potential = 63 volts 

This classification is taken from Millikan and Bowen. No 
intercombinations are known between singlets and triplets- 
The lowest triplet state has an absolute value of 501618 cm.“^ 

Reference 


R. A. Millikan and I. S. Bowen, Phys. Beo. 26, 591 (1925); 26, 150 (1925). 


Configuration 

Symbol 

J 

Term 

value 

Lv 

3s2 

i/S 

0 

0 


3s Zp 

ipo 

1 




Configuration 

Symbol 

J 

Term 

value 

Av 

3s 3p 

Zpo 


0.0 

365.8 



1 

S6S.8 

754.7 



2 

1120.6 

Zp^ 

3p 

0 

116573 

768 

770 



1 

117341 



2 

118111 

3s 3<i 

W 

1, 2,3 

151918 


3s 4s 


1 

228543 


3s 43? 

zp° 

0 

m060 

88 

289 



1 

266138 



2 

266J^27 
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S VI 


Z = 16 


11 electrons Is^ 2s^ 2p® 3s 


First ionization potential = 87.65 volts 


Millikan and Bowen give 710264 as the absolute value of the 
lowest state. 

Reference 


R. A. Millikan and 1. S. Bowen, Phys. Rev. 26, 295 (1925). 


Configuration 

Symbol 

J 

Term 

value 


3s 


i 

0.0 


3p 

2pO 

i 

li 

106866.0 

107133.1 

1237.1 

Zd 

W 

u 

25 

247409.8 

247446.0 

36.2 

4s 


5 

363000.2 


4p 

2p0 

5 

15 

401180.7 

401638.8 

467.6 

4/ 

apo 

25.35 

463662. 1 


5g 


35,45 

562104.7 
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Sb I Z = 51 

51 electrons Is^ 25 ^ 23 )® 839 ® 3d^® 4s^ 4p® 4d^° 5s^ 5p® 

Many levels of the arc spectrum of antimony were reported 
by Ruark, Mohler, Foote, and Chenault. The lowest levels 
can be assigned with some certainty but later assignments 
of the higher levels are very doubtful. Recently Lowenthal 
has added many new terms, but without classification. 

References 

A. E. Rttabk, F. L. Mohler, P. D. Foote and R. L. Chenault, Bur, 
Stand, Sci. Papers 19, 463 (1924). 

J. C. McLennan and A. B. McLay, Trans, Roy. Soc. Can. 21, 63 (1927). 
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H. Lowenthal, Zeits. f. Physik 67, 828 (1929). Zeeman effect; hyperfine 
structure. 


Configuration 

Symbol 

■ 

Term 

value 

Av 

5s* 6p® 


li 

0.0 


6s* 5p« 

iJ)o 

li 

24 

8511.9 
9868. 6 

1341.6 

6s* 6p* 

2po 

4 

14 

1689k. It 
18463.2 

2068.8 

6s^5p^ (»P) 6s 

^P 

4 

14 

24 

43248.5 

45944.6 
48331.9 

2696.0 

2387.4 

5s> 5p= (»P) 6s 

2 ? 

4 

14 

46990.1 

49390.1 

2400.0 
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ANTIMONY I 


Sb I 


{Concluded) 


Configuration 

Symbol 

J 

Term 

value 



1 

n 

53443 



2 


53527 



3" 

i or l i 

54194-7 



4 

21 

55118 



5° 

i or 11 

BBISS.S 



6 

14 

55231.7 



r 

i or Vi 

BSSO 8.2 



8 

24? 

55727.7 



9" 

i or l i 

BB862.8 



10® 

4 or 14 

BB992.S 



11 

14 

56150.9 



12 

4 

56697 



13 1 

14 

56731.9 ! 



14® 

24 

67409,8 



15 

4 

57599 



16® 

14 

58073,8 



17® 

4 

58688.4 



18® 

4 

68652.0 



19 

14 

58745 



20® 

24 

58838.7 



21 

24 

58861 



22 

24 

60403 



23 

14 

60679 



24® 

4 

60999.2 



26 

4 

61385 



26 

14 

61806 



27® 

4 or 14 

68899.3 
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Sblll 


Z = 51 


49 electrons Is^ 2s* 2p' 3s* 3p« 3d« 4s* 4p® 4di» 5s* 5p *Pj° 

First ionization potential = 24.7 volts 

This classification has been given according to Lang. The 
lowest state is given as 200272 cm.“‘. 

Reference 


R. J. Lang, Phys. Rev. 36, 445 (1930). 


Configuration 

Symbol 


Term 

value 

Ai; 

5p 

2po 

1 

0 

6766 



U 

6S76 

6s 5p2 


i 

li 

2i 

54366 

57962 

63320 

3596 

5358 

6s 6 p 2 

2D 

li 

2i 

76628 

77798 

1270 

5s2 4f 

apo 

2i 

81SS2 ? 

373 



3i 

8170S ? 

5s^ 6s 

2^ 

i 

92951 


6s 6p2 

2^ 

i 

93420 


6s 5p2 

2p 

i 

li 

94648 

100040 

5392 

5s2 6d 

2D 

li 

98822 

1567 



2i 

100389 

6s^ 6p 

2po 

i 

1147M 

1668 



. '* 

116390 
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ANTIMONY III 


Sb m 


{Concluded) 


Configuration 

Symbol 


Term 

value 

A*/ 

5s2 5/ 

2^0 

3i 

n 

136217 

136272 

~55 

5s2 7« 

2 ^ 

i 

143129 



2D 

li 

144683 

237 



2 i- 

144920 

52)3 

4^0 

l§ 

IJ^OIS 


6^2 8s 

2/Sf 

i 

163390 ? 


5.92 5f7 

2(? 

3i. 4i 

164306 


6s2 6^ 

2(? 

3i 4i 

174460 ? 
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SblV 


Z = 51 


48 electrons Is^ 28=* 2p« 38^ 3p« 3^1® 48® 4p» 4^^“ 5s® VSn 

First ionization potential = 44.0 volts 

Gibbs and Vieweg, from ■whose paper these terms are taken, 
give the absolute value of the lowest state as 356156 cm.~*. 


Reference 

R. C. Gibbs and A. M. Vieweg, Phys. Rev. 34, 400 (1929). 


Configuration 

Symbol 

J 

Term 

value 

Ay 

6s2 



0 

0 


6s 

5p 

spo 

0 

1 

2 

eusd 

66700 

7mo 

2265 

5860 

6s 

6p 

ipo 

1 

96962 


6p2 


3p 

0 

1 

2 

152070 

156382 

163517 

4312 

7135 

5ps 


ID 

2 * 

155956 

6s 6d? 

6s 

6s 


1 

188622 


6s 

6d 

«D 

1 

178912 

350 

657 




2 

179262 




3 

179819 

6s 

6d 

ID 

2 

182796 

5p2? 

5s 

6p 

spo 

1 

216763 


5s 

6p 

ipo 

1 

219068 
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ANTIMONY IV 


Sb IV 


{Concluded) 





Term 


C5onfiguration 

Symbol 

J 

value 


6s 4/ 

spo 

2 

227057 

85 



3 

227 H2 

160 



4 

227302 

5s 7s 


1 

257771 


5s 6d 


1 

254656 

170 

249 



2 

254826 



3 

255075 

5s 


2 

255571 
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Sb V 


Z = 51 


47 electrons Is^ 2s^ 2p^ 3p« 3d^o 45 ^ 4p« 5s 

Ionization potential = 55.5 volts 

The terms are given by Lang. The lowest state has an 
absolute value of 449300 cm.“^ 

Reference 


R. J. Lang, Proc. Nat. Acad. Sci. 13, 341 (1927). 


Configuration 

Symbol 

J 

Term 

value 

Av 

5s 

2/Sf 

i 

0 


6p 

2po 

i 

U 

81566 

90564 

8988 

5d 

2D 

l§ 

201907 

829 




202736 

6s 


i 

224587 


1 ^ 

2po 

Zi 

268327 
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Z = 21 


Sc I 

21 electrons Is^ 2s^ 2p® 3s^ 3p^ 3d 4:S^ 

First ionization potential = 6.7 volts 

This classification is taken from Russell and Meggers. The 
absolute value of the lowest state is estimated by them to be 
about 54000 cm.~^ with respect to 3d 4^ W of Sc 11. 

Reference 

H. N*. Russell and W. F. Meggers, Bur, Stand. Sci. Papers 22, 329 (1927) 


Configuration 

Symbol 


Term value 

Av 

3d 4s2 

2D 

1} 

2i 

0.00 

168.34 

168.34 

Sd* (»2?) 4s 


IJ 

11520.16 

37.49 

62.60 

67.07 



2J 

11667,64 



3J 

11610.24 



4i 

11677.31 

3d2 i^F) 4s 

2F 

2i 

14926.24 

116.74 



3i 

16041.98 

3d 4s (3D) ip 

4^0 

li 

1667 55 

83.96 



2i 

3i 

16766.51 

16881.76 

126.25 

144.76 



4i 

worn. 62 

3d 48 (3D) ip 

4/>0 

i 

16009.71 

12.07 



11 

16021.78 

119.26 



21 

16141.04 

69.76 



31 

16210.80 

3d 48 (ID) ip 

2D° 

21 

16022.72 

-74.14 



11 

16006.86 

3d2 (ID) 48 

2D 

21 

17012.98 

-12.38 



11 

17026.36 
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Sc I 


SCANDIUM I 


{Continued) 


Configuration 

Symbol 

J 

Term value 

Av 

id is (»D) 4p 

4,po 

i 

18604.05 

11 72 



li 

18616.77 

55.63 



2 § 

mri.Jfi 

M 4s (ID) 4p 

2po 

1 

18711.03 

144.73 



li 

18856.76 


{^G) 4s 

2 (? 

4i 

20237.10 

—2 85 



3i 

20239.92 


3d 4s (}D) 4:p 

apo 

2 J 

m033.78 

53.06 



3i 

21086.84 


id 48 (’D) 4p 

apo 

i, li 

2^666.80 


3d 4s (»i))4p 

2J)0 

li 

24866.18 

147 97 



2 i 

26014.15 


3d 4s (»D)4p 

apo 

2 i 

25584.64 

140 08 



li 

25724.72 


Zd^ {^F) 4p 

4^0 

2 i 

29022.87 

73.33 



3i 

29096.20 

93.63 



4i 

29189. 8S 

113.69 



5i 

29303.52 


3d2 GS) 4p 

apo 

i 

30673.10 

133.61 



li 

30706.61 


3^2 (3F) 42> 

4P® 

li 

31172.62 

43.14 



2 i 

31216.76 




3i 

31275.32 

0?7 . Ots 



4i 

31350.81 

1 O . 

3^2 i^F) 4p 


i 

32637.40 

21.81 



li 

32659.21 

07 fiO 



2 i 

32696.84 

54.70 



3i 

32751.64 


3^2 (siT) 4p 

2(7° 

3i 

33056.19 

95.21 



4i 

33161.40 


3(i2 (3F) 4p 

2po 

2 i 

33154.01 

124.63 



3i 

33278.64 
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SCANDIUM I 


Sc I 


{Continued) 


Configuration 

Symbol 

J 

Ferm value 

(’P) ip 


li 

33615.06 



2§ 

3S707.se 

3d’ 


i-i 

33763.57 




33798.68 



3| 

33846.62 



4J 

33906.40 

3d 4s (’D) 6s 



34390.25 



li 

34422.85 



2i 

34480.05 



3i 

34667.10 

Zd 4s (®D) 5s 


I'i 

35671.00 



2J 

35745.57 

3d’ ? 

W 

li 

36276.76 



2i 

36330.49 

3d’ 


i 

30492.82 



li 

36516.76 



2i 

36572.80 

3d’ (’D) ip 


li 

SG9S4.15 



2i 

37030.77 

3d’ (iJD) ip 

ipo 

li 

37080.31 



i 

37135.73 

3d 48 (’£)) 4d 

ip 

i 

37086.72 



li 

37148.25 

3d 4s («r>) 4d 

H) 

li 

37780.83 



2i 

37865.50 

3d 4s (’U) 4d 


3i 

38671.70 



4i 

38668.23 

3d 4s (’D) 4d 

ip 

2i 

38871.60 

, 


3i 

38969.16 


Av 


92.19 


35.11 

47.94 

59.78 


32.60 

57.20 

87.05 


74.57 


53.73 


22.94 

57.04 


105.62 


-39.41 


62.53 


74.67 


86.63 


87.56 
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Sc I 


SCANDIUM I 



418 








SCANDIUM I 


Sc I 


Configuration 

Symbol 

J 

Term value 

Lv 

(’P) 4s 

4p 

i 

0.00 

29.03 


li 

29.03 

52.02 



2§ 

81.05 

3d* (*P) 4p 


IJ 

S0S60.8S 


3d* (*P) 4p 

4po 

i 

msi.ys 

30.75 


li 

20682.48 

56.34 



2i 

207S8.82 

Configuration 

Symbol 

/ 

1 Term value 

^v 

3d* (*P) 4s 

*p 

i 

0.00 

80.40 


U 

80.40 


3d* (»P) 4p 

J£)0 

U 

21766.62 

64.22 


2i 

21820.74 


3d* {*P) 4p ? 

250 

i 

21987.03 



*D° 

li 

29881.50 

98.04 



2i 

29929.54 
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Sc II 

20 electrons 


Z = 21 


ls2 2s2 2p8 3s2 Sp® M 4s W^. 
First ionization potential = 12.8 volts 

This classification has been given by Russell and Meggers. 
The lowest state is 3d 4s *Di and its absolute value is about 
104000 cni.~^ with respect to 3d of Sc III. 


Reference 

H. N. Russell, W. F. Meggers, Bur. Stand. Sci. Papers 22, 329 (1927); 
Bur. Stand. Joum. Res. 2, 733 (1929). 


Configuration 

Symbol 

/ 

Term 

value 

Ap 

^d 45 


1 

2 

3 

0.00 

67.68 

177.63 

67.68 

109.95 

Zd 45 


2 

2640.97 


Zd^ 


2 

3 

4 

4802.76 

4883.42 

4987.64 

80.67 

104.22 

3d2 


2 

10944.51 


4s2 


0 

11736.35 


Zd^ 

sp 

0 

1 

2 

12074.00 

12101.45 

12164.34 

27.46 

52.89 

Zd^ 


4 

14261.40 


Zd 4p 

1£)0 

2 

26081. 


Zd 4p 

apo 

2 

3 

4 

27US.6S 

27602.32 

27841.17 

158.67 

238.85 
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SCANDIUM II 


Sc II 


{Continued) 


Configuration 

Symbol 

J 

Term 

value 

Av 

Zd 4p 

3/)0 

1 

279ir.e9 

103.52 



2 

280M .21 

139.82 



3 

mei .os 


3d 4p 

3jOO 

0 

29736.32 

5 90 



1 

29742.12 

81 80 



2 

29823,92 


3d 4p 

ipo 

1 

30816,66 


3d 4p 


3 

32349.98 


4s 4p 

Zpo 

0 

39001.69 

112.86 



1 

39114.44 

230.46 



2 

S93U-90 


4.S 4p 

ipo 

1 

66716.62 


3d 58 

w 

1 

67661.46 

62.48 



2 

67613.94 

129,43 



3 

67743.37 


Zd 5s 

w 

2 

68261.92 


Zd U 

IP 

3 

69528.22 


Zd M 

H) 

1 

69874.79 

54.39 



2 

69929.18 

72.42 



3 

60001.60 


Zd U 

K? 

3 

60266.96 

81.26 



4 

60348.20 

108.77 



6 

60466.97 


Zd 4c2 


1 

60400.02 


Zd U 


1 

61071.10 


Zd 4d 

zp 

2 

63373.91 

70.62 



3 

63444.43 

83.30 



4 

63627.73 

Zd 4d 


2 

67366.15 



421 



Sc n 


SCANDIUM II 


{Concluded) 


Configuration 

Symbol 

J 

Term 

value 

Av 

Zd 4(Z 


0 

64615.28 

30 80 



1 

64646.08 

59.08 



2 

64705.16 

Zd 4d ? 


0 

1 

64942.79 


Zd 4d 


4 

65235.83 


4p2 

zp 

0 

76242.40 

117.41 



1 

2 

76359.81 

76588.48 

228.67 
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Sc III 


Z = 21 


19 electrons Is^ 25 ^ 2p® Zp^ Zd 

Ionization potential = 24.3 volts 

These terms are taken from the work of Russell and Lang. 
The lowest state is 3d and its absolute value is given as 
199693 cm."L 

References 


H. N. Russell and R. J. Lang, Astrophys, Joum. 66, 13 (1927). 
S. Smith, Proc, Nat. Acad. Sai. 13, 65 (1927). 



Symbol 


Term 


Configuration 

J 

value 

Av 

3d 

W 

n 

0.0 

197.6 



2i 

197.6 

4s 


i 

25636.7 


4p 

!l/>o 

i 

62102.^ 

473.7 



li 

62575.9 

4d 

W 

li 

112264.2 

45.0 



2i 

112299.2 

5s 


i 

114863.8 


4f 

2p»o 

2i, 3i 

136871,0 
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Sel 

34 electrons 


Z - 34 

ls2 2 s2 2p^ 3s2 3p6 is^ ^Pa 
Ionization potential = 9.5 volts 

The terms in the first table can be found in Fowler and Paschen- 
Gotze. They do not include the lowest state. 

The terms in the second table, which contains the lowest state, 
have been taken from the work of McLennan, McLay, and 
McLeod. 

By extrapolating the series of the first table we obtained 
an approximate absolute value for 4^® 5s of the second table, 
and found for the absolute value of the lowest state about 
76600, cm. with respect to 4^^ of Sell. 

Reference 


J. C. McLennan, A. B. McLay, and J. H. McLeod, Phil Mag. 4, 486 (1927). 


Configuration 

Symbol 

J 

Term 

value 

Ap 

ip> (^ 5 ) 6p 

«p 

1 

19416.2 

44.8 



2 

19371.4 



3 

19267.7 

113.7 

6d 

62)0 

0 , 1 . 2 , 3, 4 

5112.6 


8s 

6,50 

2 

iUd.l 


7d 


0-4 

sm.i 


9s 

6,50 

2 

S085.0 


8d 

62)0 

0-4 

2m 


10s 

6,50 

2 

2 m. 6 


9d 

62)0 

0-4 

1887.9 


11s 

5^0 

2 

1729. S 
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SELENIUM I 


Se I 


{Concluded) 


Configuration 

Symbol 

J 

Term 

value 

Ap 


6£)0 

0-4 

1472.2 


lid 

6£)«» 

0-4 

1184.3 


12d 

6/)0 

0-4 

973.2 



Configuration 

Symbol 

J 

Term 

value 

Av 

4p4 

ap 

2 

0 

-1990 



1 

1990 

-544 



0 

2634 


4p3 6s 


2 

48187 


5s 

3^0 

1 

61001 


4p8 4d 


1 

61688? 




2 

61836? 

1^0 

A.f\7 



3 

62243? 
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Se III 2 = 34 

32 electrons Is^ 2s^ 2p® 3s^ 3p® 3d^° 45^ 4^^ ®Po 

Several multiplets of the second spark spectrum of selenium 
have been classified by A. S. Rao. The multiplet involving 
the lowest state is incorrect, and this state therefore has not been 
given in this table. 

Reference 


A. S. Rao, Zeits. f. Physik 68, 251 (1929). 


Configuration 

Symbol 

J 

Term 

value 

Lv 

4p 5s 

zpo 

0 

0 

873 



1 

87S 

2225 



2 

S098 

4p 5p 

W 

1 

26299 

1283 



2 

3 

27582 

29838 

2266 

4p 5p 


1 

30032 


4p 5p 

3p 

1 

30451 




0 

31651 




2 

33180 ’ 


4p 5d 

3po 

2 

3 

sm? 

56016 

1069 

1305 



4 

67321 

4p 6d 


1 

55206 

375 



2 

55580 



3 

57190 

1610 

4p 5d 

zpo 

0 

1 

2 

63545 

64335 

65005 

690 

770 
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Se V 


Z = 34 


30 electrons Is* 2s* 2p® 3s* 3p® 3ci!^® 4s“ ^(So 

This classification has been given by Sawyer and Humphreys 
in a study of the isoelectronic spectra. 

The absolute value of 4s 4p *Po° is estimated to be 500000 
cm.~^ The lowest state has not been found. 

Reference 


R. A. Sawyer and C. J. Humphreys, Phys. Rev, 32, 583 (1928). 



Symbol 


Term 

Av 

Configuration 

J 

value 

46’ 4^) 

3po 

0 

0 

1596 



1 

1595 

3610 



2 

B20B 

4s 4d 

W 

1 

167778 

214 



2 

167992 

336 



3 

168327 

4s 6s 


1 

197670 


4p2 

3p 

0 

122033 

2296 



1 

124328 

4530 



2 

128868 
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Se VI 


Z = 34 

ls2 2s^ 2p« 3s2 3p« 3^10 4s ““/Sj 


29 electrons 

Ionization potential = 81.4 volts 

This classification is taken from Sawyer and Humphreys. 
The absolute value of the lowest state is 668,994 cm.“^ 

Reference 


R. A. Sawyer and C. J. Humphreys, Phys. Rev, 32, 583 (1928). 


Configuration 

Symbol 

J 

Term. 

value 

A*/ 

4a 


i 

0 


4p 

2po 

§ 

n 

ime^ 

118m 

5700 

4d 

W 

u 

24 

282830 

283509 

672 

6s 


4 

333594 
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Si I 

14 electrons 


Z = U 

ls» 2s2 2ps 3s2 sPo 


Ionization potential = 8.12 volts 

The arc spectrum of silicon has been investigated and classified 
by Fowler. A few assignments are indicated by Fowler as 
doubtful. 

Reference 


A. Fowlbr, Proc. Roy. Soc. A123, 423 (1929). 





Term 


Configuration 

Symbol 

J 

value 

Av 


zp 

0 

65765.00 

77 06 



1 

65687.94 

146.08 



2 

65641.86 


W 

2 

69466.33 


3p2 


0 

50370.90 


dp 4s 

zp° 

0 

m08%,05 

77 14 


1 

Sl(! 004 .!)l 

194.79 



2 

25810 

dp 45 

ipo 

1 

2/^778 JtO 


dp 4p 

ID ? 

2 

22662 


35 3p® 

8£)0 

1 

20488. Oi 

17.06 



2 

20471 .80 

28.36 



3 

20448.54 

35 dp^ 

1£)0 

2 

18418.72 


ds^ dp ip 

hS 

0 

15873 


ds dp^ 

3pO 

2 

15265,5 

-66.3 



1 

15199.2 

-36.0 



0 

15168,2 
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SILICON I 


Si I 


{Continued) 


Configuration 


J 

Term 

value 

Av 

3s® 3p 3d 


3 

1240 s . 61 


3p 3d 

Ipo 

1 

12878.33 


3p 3d 

ZD^ 

1 

11680.2 

19.9 

52.0 



2 

11660.8 



3 

11608.3 

3p 3d 

12)0 

2 

11606.2 


3p 5s 

spo 

0 

11620.6 

68.8 

214.0 



1 

11451.7 



2 

11237.7 

8p 5s 

ipo 

1 

10894.4 


3p 3d ? 

3po 7 

0, 1.2 

9262.8 


3p 6p ? 

32)0 ? 

1 

2 

3 

8762.28 

8747.72 

8667.18 

14.66 

180.64 

3p 6p 

sp 

0 

1 

2 

8469.33 

8436.43 

8296.96 

32.90 

139.47 

3p 5p 


0 

7967.23 


3p 4d 

Ipo 

1 

6963.0 


3p 4d 

ipo 

3 

6872.6 


3p 4d 

32)0 

1 

6788.8 

55.5 

87.0 



2 

6733.3 



3 

6646.3 

3p 4d 

12)0 

2 

6647.1 


3p 6s 

spo 

0 

6544. S 

52.7 

231.5 



1 

2 

6491.6 

6260.1 

3p 6s 

ipo 

1 

6129.3 
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SILICON I 


Si I 


{Concluded) 


Configuration 

Symbol 

J 

Term 

value 


3s2 3p 4d ? 

zpo ^ 

0, 1,2 

6756.3 


5d ? 

ipc. ^ 

1 

U69.9 


bd 


3 

4341. 6 


M 

ID® 

2 

4189 


7s 

ipo 

1 

3886 


5d ? 

spo 7 

0, 1,2 

3829 


M 

liP® 

3 

2997 


— 


1 

2963 


Qd 

ipo 

2 

2817 


8s 

ipo 

1 

2636 


7d 

ID® 

2 

2008 


9s 

ipo 

1 

1881 
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Si II Z = 14 

13 electrons 2s^ 2p® Ss^ 3p 

First ionization potential ~ 16.27 volts 

This classification is given by Fowler and Bowen. The 
quartets found by Bowen have not been connected with the 
other terms. 


References 


A. Fowler, PhiL Trans. Roy. Soc. A225, 1 (1925). 

I. S. Bowen and R. A. Millikan, Phys. Rev. 26, 150 (1925). 
I. S. Bowen, Phys. Rev. 31, 34 (1928). 


Configuration 

Symbol 

J 

Term 

value 

Af' 

3s2 3p 

apo 

i 

181818 

287 



U 

181881 

3s 3p2 


li 

76514.1 

16.9 



2i 

76498.2 

3s2 4s 


i 

66322.9 


3s 3p2 


i 

55164.1 


3s2 3d 

w 

li 

52483.1 

16.6 



2i 

52466.5 

4p 

apo 

i 

60632.0 

60.0 



li 

60672.0 

3s 3p2 

2p 

i 

48018 

204 



li 

47814 

3s2 6s 


i 

33851.4 


4d 


li 

30800.4 

1.3 



2| 

30799.1 
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SILICON II 


Si II 


{Concluded) 


Configuration 

Symbol 


Term 

value 

Ai/ 

3s“ 4/ 

ip<o 

CO 

28263.4 


6p 

2po 


27962.7 

24.3 



IJ 

27928.4 


6s 


■i 

20639.1 


6d 

21) 

U, 2i 

19428.8 


6/ 

apo 

2i, 35 

18061.4 


6p 


i 

17769. S 

9.1 



li 

17760.2 


78 


i 

13909.1 


6d 

2D 

li, 2i 

13301.4 


6/ 

apo 

25, 35 

12610.4 





Term 


Configuration 

Symbol 

J 

value 

Lv 

3s 3p» 

4p 

i 

0.0 

107.9 



15 

107.9 

175.4 



25 

283.3 


3p’ 

4^0 

15 

80208.6 
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Si III 


Z = 14 


12 electrons Is^ 2s^ 2p® 3s^ 

Ionization potential = 33.35 volts 

The classification given here is taken from the work of Fowler 
and of Sawyer and Paschen. 

References . 

A. Fowlbe, Trans. Roy. Soc. A226, 1 (1925). 

R. A. Sawyer and F. Paschen, Ann. d. Physik 84, 1 (1927). 


Configuration 

Symbol 

J 

Term 

value 

A*, 

3s2 


0 

270170 


3s 3p 

' 3po 

0 

21727$ 

134 

249 



1 

217139 



2 

216890 

3s 3p 

ipo 

1 

187313 


3p2 

zp 

0 

140297 

131 

263 



1 

140166 



2 

139903 

3s 3d 


1 

127093.00 

2.14 

2.01 



2 

127090.86 



3 

127088.85 

3s 4s 


1 

116660 


3s 4^ 

3p<i 

0 

94806.67 

33.02 

73.16 



1 

94773.65 



2 

94700.39 

3s 4d 


1,2,3 

68438.08 


3s 5s 


1 

63861.01 
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SILICON III 


Si m 


{Concluded) 



Symbol 


Term 


Configuration 

J 

value 


3s 4:f 

zpo 

2 

60511.23 

27.79 

39.44 



3 

60483.44 



4 

60444-00 

3s 5/ 


3 

39744 ? 

160 



4 

S9S84 ? 

3s 5g 


3, 4,5 

39741.21 


3s 6^ 


3, 4,5 

27568.82 
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Si IV 

11 electrons 


Z = 14: 


I 52 2 s 2 2p« 3s 
First ionization potential = 44.93 volts 
These terms have been taken from the work of Fowler. 

Reference 

A, Fowlbb, Phil Trans. Roy. Soc. A226, 1 (1925). 


Configuration 

Symbol 


Term 

value 

Aj/ 

3s 

2>S 

i 

364117 


3p 

2po 

§ 

29B8S7 

460 



li 

mS77 

Zd 

2D 

ii,2j 

203706 


4s 

2.5 

i 

170105 


4p 

apo 

i 

lJfS817 

162 




148665 

4d 

2D 

li. 2i 

114076 


4/ 

Zpo 

2i, 3i 

109923 


5s 

2.5 


98666 


Sp 

2po 

i 

87580 

76 




87605 

Zd 

2D 

li.2i 

72594 


5/ 

apo 

2i,3i 

70366 


^9 

2(7 

34, 44 

70213 


6/ 

apo 

24,34 

48862 
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SILICON IV 


Si IV 


(Concluded) 


Configuration 

Symbol 


Term 

value 


6^ 


3i 4} 

48780 


6A 


Si 

4873S 


7/ 

zpo 

2i, 3i 

86893 


7cf 

20 

3i, 4i 

35835 
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10 electrons 


W 2s2 ififo 


Edl6n and Ericson have identified two resonance lines of Si V 
in the far ultra-violet. 

Reference 


B. EDLfe and A. Ericson, Comptes Rendus 190, 116 (1930). 


Configuration 

Symbol 

/ 

Term value 



0 

0 

3ps (2Pij) 4s 

spo 

1 

83940S 

4s 

ipo 

1 

847S60 





SnI 


Z = 50 


50 electrons Is^ 25^ 2^® 3s^ 3p® 3d^° 4s^ 4^)® 4cZio 5s^ 5p2 ®Po 

Ionization potential = 7.30 volts 

These terms have been taken from unpublished data of 
Randall and Wright. The gr-values given in the last column 
were measured by Back. Due to overlapping it is impossible 
to separate the 5p Zd from the 5p 5s configuration. 

References 


E. Back, Zeits. f. Physik 43, 309 (1927). Classification and Zeeman effect. 
J. B. Green and R. A. Loring, Phys. Rev. 30, 575 (1927). 

H. M. Randall and N. Wright, unpublished data. 


Configuration 

Symbol 

J 

Term 

value 

^'Value 


zp 

0 

59192.0 




1 

67500.0 

1.501 



2 

55764.0 

1.452 



2 

60578.6 

1.050 



0 

42029.0 


5p (“Pj) 6s 

Zpo 

0 

W)51.0 



Zpo 

1 

wm.rj 

1.376 

5p (^Pij) 6s 

zpo 

2 

20663,0 

1.502 


Ipo 

1 

19934.7 

1.123 

5p (2P^) 6p 

1 

1 

16851.0 



2 

0 

15844. 1 



3 

1 

15826.0 



4 

2 

15762.2 


5p (sPi) 5d 

r 

2 

16609.0 

0.865 


2^ 

2 

16047,6 

1.131 


3" 

1 

1 4083.0 

0.635 


4" 

3 

14016.0 

1.167 
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Sn I 


TIN I 


{Continued) 


Configuration 

Symbol 

J 

Term 

value 

g-value 

5p CPij) 6p 

5 

1 

12588.4 



6 

3 

12187.2? 



7 

2 

11956.6 



8 

2 

11386 



9 

0 

11071.5? 



10 

1 

11003.7 


5p ePLi)6d 

6° 

2 

12045 

0.941 

and 

6° 

3 

11704 

1.246 

5p CPj) 7s 

7° 

0 

10976 



8° 

1 

10969.2 

1.316 


9** 

2 

10622 

1.406 


O 

o 

1 

10209 

1.229 


11° 

3 

9297 

1.00 


12° 

1 

9065 

1.066 

Bp (*Pi) 7p 

1 

1 

8436.0 



2 

0 

8347.6? 



3 

1 

8078.5 



4 

2 

8021.0 


5p (*Pi) 6d 

1° 

2 

8182 



2° 

2 

8029 



3° 

1 

7715 

0.863 


4° 

3 

7427 


5p (=Pj) 4f 

1 

3 

6944 



2 

4 

6937.7? 



3 

2 

6926.5 


6p (*Pii)7s 

Spo 

2 

6775 



ipo 

1 

6485 


5p (»Pi) 5/ 

4 

2 

4424.0 


5p (“Pii)4f 

5 

2 

2704.5 


— 

13° 

1 

6171 



14° 

1,2 

5568 



15° 

1, 2,3 

6363 



16° 

1, 2,3 

4639 
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TIN I 


Sn I 


{Concluded) 


Configuration 

Symbol 

J 

Tenn 

value 


— 

17® 

1 

4118 



18° 

1 

4055 



19° 

1 

4035 



20° 

1 

3922 



21® 

1 

3895 



22® 

1 

3568 



23® 

1 

3504 



24® 

1 

3390 



25® 

1 

2948 



26® 

1, 2,3 

2885 



27® 

1 

2802 



28® 

1> 2 

2648 



29® 

1, 2,3 

2613 



30® 

1,2 

2090 



31® 

1,2 

2038 
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Sn II 


Z - 50 


49 electrons Is^ 2s^ 2p^ Sp® 4s2 4p« 4:d^^ 5s^ 5p 
Ionization potential = 14.5 volts 

This classification has been taken from the papers mentioned 
below. The absolute value of the lowest state is about 117,700 
cm.“^ 


References 


J. B. Green and R. A. Loring, Phys. Rev. 30, 574 (1927). 

A. L. Naratan and K. R. Rao, Zeits. f. Physik 46, 350 (1927). 
R. J. Lang, Phys. Rev. 36, 445 (1930). 


Configuration 

Symbol 

J 

Term 

value 

Aj; 

Ss® 5p 

2pO 

i 

li 

0 

4253 

4253 

5s 5p2 

4p 

4 

14 

24 

44508 

46462 

49494 

1964 

3032 

5s^ 6s 


4 

56883 


5s 5p2 

2D 

14 

58841 

623 



24 

59464 

5s2 5d 

2D 

14 

71403 

643 



24 

72046 

5s2 6p 

2po 

4 

71491 

884 



14 

72375 

5s 5p* 


4. 

81718 


5s2 7s 


4 

86341 


5s2 5/ 

apo 

24. 34 

89288 
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TIN II 


Sn n 


(Concluded) 


Configuration 

Symbol 


Term 

value 


5s»6(i 

W 

U 

90237 

107 




90344 

7p 

2po 

u- 

92724 

93081 

357 

5s2 Ss 



96926 


5s^ef 

2po 

2i, 3J 

99661 


5s2 7d 

2i) 

li 

100337 

40 



2i 

100377 
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Sn III 


Z = 50 


48 electrons Is^ 2s^ 2'p® 3s^ 4s^ 4p® 4<i^“ 5s^ 

First ionization potential = 30.5 volts 

This classification has been taken from the paper by Gibbs 
and Vieweg. The absolute value of the lowest state is 247302 
cm.“^ with respect to 5s of Sn IV. 

References 


K. R. Rao, Proc. London Phys, Soc. 39, 161 (1926). 

J. B. Gbeen and R. A. Loedstg, Phys. Rev. 30, 574 (1927). 
R. C. Gibbs and A. M. Vieweg, Phys. Rev. 34, 400 (1929). 


Configuration 

Symbol 

J 

Term 

value 

Av 

5s^ 


0 

0 


5s 5p 

8po 

0 

1 

2 

sssu 

66191 

69n6 

1647 

4034 


ipo 

1 

79908 


6p2 

8p 

0 

1 

2 

127302 

130112 

134559 

2810 

4447 


W 

2 

128196 


5s 6s 


1 

139630 


5s 5d 


1 

141313 

206 

313 



2 

141519 



3 

141832 


W 

2 

143585 


5s 6p 

spo 

0 

159988 

276 

1224 



1 

2 

160809 

161488 
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TIN III 


Sn in 


(Concluded) 


Configuration 

Symbol 

J 

Term 

value 

hv 

5s Qp 

ipo 

1 

162721 


5s 4f 


2 

179298 

37 



3 

179336 

QCk 



4 

179JiS4 

VO 


ip^ 

3 

181760 


5s 7s 


1 

186677 


5s 6d 


1 

187908 

83 



2 

187991 

136 



3 

188127 


W 

2 

189687 


5s 6/ 

zpo 

2 

202398 

10 



3 

202Jfi8 

28 



4 

2024S6 



IP^ 

3 

203624 


5s 5^ 


3, 4, 5 

204076 




4 

204102 


— 

1 

•— 

204397 
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Sn IV Z = 50 

47 electrons 2$^ 2p^ Sp® 48^ 4p6 4 ^ 1 ° 5s 

Ionization potential = 39.4 volts 

These terms are taken from the paper by Rao, Narayan, and 
Rao. The lowest state is given as 328671 cm."^ by setting 
6 gr V at 70400. 


References 


R. J. Lang, Proc. Nat. Acad. Sci. 13, 341 (1927). 

K. R. Rao, A. L. Nabatan, and A. S. Rao, Indian Joum, Phys, 2, 476 
(1928). 


Configuration 

Symbol 

J 

Term 

value 

Av 

5s 


i 

0 



2po 


69559 



n 

76077 

6518 

¥ 

Zpo 

2§ 

1171,28 

12 



3§ 

117U0 

5d 

W 

IJ 

165297 

207 



2i 

165404 

6s 


i 

174131 


■ 

6p 

apo 

i 

H 

197846 

200022 

2177 

5/ 

apo 

2i 

213260 

165 



3i 

213425 

6d 

2I> 

li 

234786 

332 



2i 

235118 

7s 


i 

237608 


6/ 

apo 

2i, 34 

253678 


^9 

2(? 

34,44 

258271 
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SnV 


Z = 50 


46 electrons Is® 25* 2p« 3s* 3p« 3di'> 4s* 4p« 4d“ i>So 

Ionization potential = 58 volts 

This classification has been given by Gibbs and White. The 
absolute value of the lowest state is about 470000 cm.~‘ with 
respect to 4d* *D of Sn VI. 

Reference 


R. C. Gibbs and H. B. White, Proc. Nat. Acad. Sd. 14, 345 (1928). 


Configuration 

Symbol 

J 

Term 

value 




0 

0 


ido QDii) 6s 

1 

3 

182686 

‘D, 


2 

2 

186064 


4dii (2D,j) 6s 

3 

1 

191206 



4 

2 

194231 


4d« (*D) 5p 

V 

2 

mmii 



2° 

3 




r 

1 

267997 



4" 

4 

268733 



5^ 

2 

260098 



6® 

0 

273293 



7" 

2 

273336 



8° 

3 

27^379 



9" 

1 

276690 



10® 

3 

2792^2 



11® 

1 

281166 



12® 

2 

282616 
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Sri 


Z = 38 


38 electrons 2s^ 2p^ Zs^ 3p« Zd^^ 5s^ ^Sq 

First ionization potential = 5.667 volts 

These terms of the arc spectrum of strontium are from the 
work of Russell and Saunders. The regular series terms may 
also be found in Fowler and Paschen-Gotze. All terms have 
absolute values given with respect to the 5s of Sr II as zero. 
There are many terms, however, which are due to two excited 
electrons, and do not converge to the same limit. 

The first table contains all terms, the other tables those terms 
based on 5s which belong together in series. 

References 


P. A. Saunders, Astrophys. Joum, 66, 73 (1922). 

H. N. Russell and P. A. Saunders, Astrophys. Joum. 61, 39 (1925), 


Configuration 

Symbol 

/ 

Term 

value 

Av 



0 

45925.6 


5s 5p 

8po 

0 

31608.0 

186 8 



1 

Sim 

394.2 



2 

31037.0 

5s 4d 


1 

27766.0 

59.6 



2 

27706.4 



3 

27606.0 

100.4 

5s 4d 

ID 

2 

25776.3 


5s 5p 

ipo 

1 

34337.1 


5s 6$ 

3/S 

1 

16886.8 


5s 68 

. 1/S 

0 

15334.5 
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STRONTIUM I 
{Continued) 


Sr I 


Configuration 

Symbol 

J 

Term 

value 

Ap 

4d 5p 

3po 

2 

12658,6 

322.8 



3 

12885,1 

329.7 



4 

12006.0 


— 

1 

2 

12098.1 


5s 6p 

zpo 

0 

12098.8 

41.4 



1 

12067,4 

104.6 



2 

1 1952. 8 


6s 6p 

ipo 

1 

11827,5 


5s hd 

ID 

2 

11110.0 


5s 5c2 

5D 

1 

10918.3 

15.0 



2 

10903.3 

22.8 



3 

10880.6 


4d2 

ap 

0 

10731.8 

206.3 



1 

10626.6 

274.8 



2 

10260.7 


— 

2° 

2 or 3 

9836.1 


4d 6p 


1 

9661.2 

117.8 



2 

964S.A 

177.5 



3 

9366. 9 



3 

1 or 2 

8964.6 



4 

0 or 1 

8766.2 


4d 6p 

3po 

0 

8633.0 

10.8 



1 

8622.2 

33.7 



2 

8588.6 


5s 7s 

3/S 

1 

8600.9 


— 

6° 

2 or 3 

7917.2 


5s 7s 

1/S 

0 

7481.6 


5s 4/ 


2 

7174-6 

1.7 



3 

7172.9 

. 1 



4 

7170.2 


449 



Sr I STRONTIUM I 

(Continmd) 


Configuration 

Symbol 

/ 

Term 

value 

Ap 

5s 7p 

ipo 

1 

7019.0 


5s 7p 

spo 

0 

6614.2 

14 8 



1 

6499.2 

31.1 



2 

6468.1 

5s 

ipo 

3 

6387.0 


5s 6d 


1 

6239.4 

4.9 

12.3 



2 

6234.5 



3 

6222.2 

5s 6c2 

ID 

2 

6192.4 


5s 3s 

38 

1 

5163.2 


5s 8s 

^8 

0 

4873.1 


5s 8p 

ipo 

1 

4753.5 


5s 6/ 

apo 

2 

4560.4 

0.8 

0.9 



3 

4559.6 



4 

4558.7 

5s 5/ 

ip® 

3 

4406.9 


5s 7d 

ID 

2 

4093.7 


5s 7d 

3D 

1 

4061.1 

4.6 

5.5 



2 

4056.5 



3 

4051.0 

5s 9s 

38 

1 

3473.4 


5s 9p 

ipo 

1 

3463.4 


5s 9s 

'8 

0 

3329.6 


5s 6/ 

spo 

2 

3149.5 

0.6 

0.9 



3 

3148.9 



4 

3148.0 

1 6s 6/ 

ip® 

3 

3086.8 
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STRONTIUM I 
{Continued) 


Sr I 



461 




Sr I 


STRONTIUM I 


{Concluded) 
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STRONTIUM I 


Sr I 


SERIES 


5s ms 

m 



5 


45925.6 

6 

16886.8 

15334.5 

7 

8500.9 

7481.6 

8 

5163.2 

4873.1 

9 

3473.4 

3329.6 

10 

2498.0 

2412.8 

11 

1882.0 

1828.3 

12 

1467.7' 



6s mp 

m 




ipo 

5 

31608.0 

SU21.2 

31027.0 

24227.1 

6 

12098.8 

12067.4 

11962.8 

11827.6 

7 

6S14.0 

6499.2 

6468.1 

7019.0 

8 




4753.6 

9 




3463.4 

10 




2698.8 

11 




1989.2 

12 




1669.8 

13 




1261.0 

14 




1022.0 


5s md 

m 



Wz 


4 

27766,0 

27706.4 

27606.0 

25776.3 

5 

10918.3 

10903.3 

10880.5 

11110,0 

6 

6239.4 

6234.5 

6222.2 

6192.4 

7 

4061.1 

4056.5 

4051.0 

4093.7 

8 

2858.7 

2855.1 

2850.6 

2904.7 

9 

2123.7 

2120.5 

2116.4 

2145.0 

10 

1641.7 

1638.4 

1634.0 


11 

1307.0 

1300.3 



12 

1065.4 

1060.5 



13 


— 



14 


881.5 



15 


638.0 



16 


552.8 
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STRONTIUM I 


Sr I 


(Conclvded) 


5s mf 

m 





4 

7174.6 

7172.9 

7170.2 

6387.0 

5 

4560.4 

4659.6 

4668.7 

4406.9 

6 

8149. S 

3148.9 

3148.0 

3086.8 

7 

8303. 6 

SSOl .6 

2301.1 

2269.9 

8 


1753.6 


1736.8 

9 


1380.6 


1370.0 

10 


1115.3 


1106.9 

11 


919.7 


.913.9 

12 


769.6 


766.6 

13 


651.2 


648.1 
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Sr II 


Z = 38 


37 electrons 3^^ 3p® 3(i^° 48^ 4p® 5s 

Ionization potential = 10.98 volts 

The classification has been taken from Fowler and Paschen- 
Gotze. 


Configuration 

Symbol 

J 

Term value 

Av 

5s 


i 

88952.47 


U 

W 

li 

2i 

74395.66 

72115.60 

279.62 

6p 

apo 

J 

li 

6J)2S7.m 

64435,80 

801.46 

6s 


i 

41215.99 


5d 

w 

li 

35666.20 

85.61 



2i 

35580.59 


2po 

2i, 3i 

37960,4 


7s 


i 

23988.79 


6c2 I 

w ' 

li 

21429.98 

40.04 



2i 

21389.94 1 

5/ 

apo 

2i,3i 

17896 


8s 


i 

15712.56 


7d 

w 

li 

14330.8 

21.3 



2i 

14309.5 

6/ 

apo 

2i,3i 

12413 



W 

li 

10293 

3 



2i 

10290 

7/ 

2po 

2i, 3i 

9096 
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Tel 


Z = 52 


52 electrons Is^ 2s^ 2p^ Ss^ Sp® 45 ^ 4p6 5s^ 5p^ ^Pa 

McLennan, McLay, and McLeod have classified several lines 
in the arc spectrum of tellurium. Only the two low odd terms 
have been assigned to a configuration and the rest is numbered. 
The low is partially inverted due to deviation from Russell- 
Saunders coupling. 

Reference 


J. C. McLennan, A. B. McLay, and J. H. McLeod, Phil Mag. 4, 486 (1927); 
Nature 124, 874 (1929). 


Configuration 

Symbol 

J 

Term 

value 

5s2 5p4 

zp 

2 

0 



0 

4706.7 



1 

4751.0 

5p^ 


2 

10558.6 

5s* bp* 


0 

23199 

Ss* bp^ 6s 

6^0 

2 

U^63.4 

5s* 5p® 6s 

3^0 

1 

46663.6 

— 

r 

1 

64684.9 


2° 

2 

64881.1 


3^ 

2 

65818.9 


4° 

2 

67116.4 


5° 

2 

68596.4 


6° 

3 

68833 


456 



To V Z = 52 

48 electrons Is^ 2s“ 2p« Ss^ 3p® 48^ 4p8 4di'> 55“ ’-Su 

First ionization potential = 60.0 volts 

This classification has been given by Gibbs and Vieweg. The 
absolute value of the lowest state is 486244 cm.~'. 

Reference 


R. C. Gibbs and A. M. Vieweg, Phya. Rev. 34, 400 (1929). 





Term 


Configuration 

Symbol 

J 

value 



0 

0 


6s 6p 

Spo 

0 

76109 

2914 



1 

7S09S 

7974 



2 

86997 


\po 

1 

111707 


6p» 

ip 

0 

176248 

6171 



1 

182419 

10173 



2 

192592 


H) 

2 

182797 


65 6d 

H) 

1 

216612 

626 



2 

216137 

972 



3 

217109 


H) 

2 

221493 


5s 6s 


1 

240837 
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Te VI Z = 52 

47 electrons Is* 2s* 2p« 3s* 3p« 3d“ 4s* 4p« 4di® 5s *<Si 

Lang has located the principal doublet of this spectrum. 

Reference 


R. J. Lang, Proc. iVai. Acad. Sci. 13, 341 (1927). 


Configuration 

Symbol 

J 

Term 

value 

Av 

5s 


i 

0 


5p 

2po 

i 

92772 

11988 




104760 
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Til 


Z = 22 


22 electrons Is^ 25^ 2p® 3^2 3^6 3^2 4^2 zp^ 

First ionization potential - 6.81 volts 

The arc spectrum of titanium is one of the most completely 
analyzed of the complex spectra. It has been classified by 
Russell. Nearly all the terms from the configurations 
3d® 4s, 3d^ 4s 4p, and 3d® Ap have been found. The absolute 
value of the lowest state is 55138 with respect to Sd^ 4s of 
Ti II. 

References 

H. N. Russell, Astrophys. Journ. 66, 347 (1927). 

G. R. Harrison, Joum. Opt. Soc, Am, 17, 389 (1928); 19, 109 (1929). 
Intensities. 

G. R. Harrison and H. Engwicht, Journ, Opt, Soc. Am. 18, 287 (1929) 
Intensities. 
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TITANIUM I 


Ti I 


{Continued) 


Configuration 

Symbol 

/ 

Term value 

Av 

3d3 (4p) 4g 

6p 

1 

13981.75 

46.72 

77.21 



2 

14028.47 



3 

14105.68 

3d* (2(7) 4s 

*(7 

3 

15108.12 

48.71 

63.64 



4 

15156.83 



5 

15220.47 

3d2 4s2 


0 

15166.59 


3d2 4s (4F) 4p 

iQO 

2 

16877.18 

98.41 



3 

16976.69 



4 

16108.08 

130.49 



5 

16267.61 

161.43 



6 

16468.71 

191.20 

3d2 4s (4P) 42) 

Spo 

1 

16817.19 

58.00 



2 

16876.19 



3 

16961.42 

86.23 



4 

17076. SI 

113.89 



5 

17216.44 

140.13 

3<i’ (2D) 4s 

*Z) 

1 

17369.59 

54.52 



2 

17424.11 



3 

17540.33 

116.22 

3d» (2P) 48 

3p 

0 

17995.75 

65.79 



1 

18061.54 



2 

18145.40 

83.86 

3d' (2H) 4s 

*/r 

4 

18037.28 

104.09 



5 

18141.37 



6 

18192.66 

51.29 

3d»(2G0 4s 

1(7 

4 

18287.62 


3d2 4s (<F) 4p 

B2)o 

0 

1 

2 

18^2.83 

18482.86 

18626.07 

20.03 

42.21 



3 

18593.99 

68.92 



4 

18696.23 

101.24 

3d' (*P) 4s 

8p 

0 

18818.23 

7.66 



1 

18825.89 



2 

1 

18911.55 

85.66 
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TITANIUM I 


Ti I 


{Continued) 


Configuration 

Symbol 

J 

Term value 

Av 

3d2 4s (2F) 4p 

spo 

2 

19322.98 

98 62 



3 

4 

19421.60 

19573.96 

152.36 

4s i^F) 4p 

W 

1 

19937.88 

68.20 



2 

20006.08 



3 

20126.13 

120.05 

Zd> (»P) 4s 


1 

20062.98 


3(J’ (“£>) 4s ' 


2 

20209.64 


3d» (*H) 4s 

U / 

5 

20796.65 


3(i* 48 (“P) 4p 

3QO 

3 

21469.53 

118 93 



4 

5 

21588.46 

21739.69 

151.23 

3d2 4s 4p 

IJJO 

2 

22081.15 


3(i2 4s (V) 4p 

Ijpo 

1 

3 

22404 M 


3(i* 4s (“P) 4p 

igo 

4 

24694 M 


3(J* 4s (’‘P) 4p 


1 

24921.19 


3d» 48 C‘P) 4p 


2 

25102.88 


3d* 4s (‘P) 4p 

zpo 

2 

25107.44 

119.82 



3 

25227.26 

161.13 



j 4 

25388.39 

3d* 48 (*P) 4p 

nr 

1 

25317.88 

121.6 

204.72 



2 

25439.04 



3 

256 VS. 7 6 

3d* 4s (*P) 4p 

Zpo 

2 

25493. 78 

-43.61 



1 

25537.39 

3d* 48 (*P) 4p 


0 

25605.03 

30.71 



1 

25635.74 

64.21 

97.66 

129.22 



2 

25699.95 



3 

25797.60 



4 

25926.82 
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Ti I 


TITANIUM I 



{Continued) 
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TITANIUM I 


Ti I 


{Continued) 


Configuration 

Symbol 

/ 

Term value 

Aj/ 

ZtP 4s (2D) ip 

zjyo 

1 

31 184 M 

6 71 



2 

31190.72 




3 

31206.08 


3d2 4s (2(?) ip 


3 

31373.86 

115 64 



4 

31489.49 

139.27 



5 

31628.76 


3^2 4s (2D) ip 

apo 

0 

31686.90 

39 85 



1 

31726.76 

RO IQ 



2 

31806.94 


3d2 4s (26) ip 

apo 

4 

318S9.98 

84 33 



5 

31914.31 

99 30 



6 

3 ms. 61 


3d» (2(?) ip 


3 

32867.76 


3<J2 4s (*P) 4p 

spo 

0 

33086.14 

6 41 



1 

33090.66 

23 94 



2 

33114-49 


3d2 4s (2D) 4p 

Ipo 

1 

33660.73 


3d2 4s (2D) 4p 

Zpo 

2 

33666.97 

24.36 



3 

33680.32 




4 

33700.87 

^\J , Uu 

3d2 4s (26) 4p 

apo 

2 

33980.63 

98.02 



3 

34078.66 

126.41 



4 

34306.06 


3d^ (26) 4p 

1//0 

6 

34700.31 


3d2 4s (2P) 4p 

Ipo 

1 

34947.02 


3d2 4s (2P) 4p 

l/;o 

2 

35036.11 


3(i2 4s (*P) 4p 


1 

35439.49 


Zd» (26) 4p 

apo 

4 

36463.99 

105.67 



5 

35569.66 

125.57 


- 

6 

36686.23 
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TITANIUM I 


Ti I 


(Corhiinued) 


Configuration 

Symbol 

J 

Term value 

Ap 

3d3 (4P) 4p 

spo 

0 

36503.40 

24 36 



1 

36527. 76 

49.38 



2 

36677. 14 

75.81 

104.56 



3 

3 66 52. Q 5 



4 

36767.61 

4s (*F) 5s 

sp 

1 

35959.07 

54.50 

82.90 



2 

36013.57 



3 

36096.47 

112.45 



4 

36208.92 

142.51 



5 

36351.43 

3d3 (2G) 4p 

l(yo 

4 

36000. 25 




3 

36065.75 

66.46 

68.73 



4 

36132.31 



5 

36200.94 

3da (4P) 4p 

Spo 

1 

36298,43 

42.24 

73.91 



2 

3 

S6SJfi.e7 

SeU4.68 

3d3 (4P) 4p 

8po 

0 

87090.66 

82.38 



1 

87178.03 



2 

87386.^7 

152.44 

3d3 (4p) 4p 

6^0 

2 

37359.13 


3d2 4s (4P) 5s 

3p 

2 

37538.71 

121.26 


3 

37659.97 



4 

37824.69 

164.72 

(20) 4p 

3Q0 

3 

87654.99 

62.94 



4 

37617.98 



5 

37690.87 

72.44 

3d2 4s (2D) 4p 

ipo 

3 

37623.63 


3d2 (2Z)) 4p 

3po 

2 

87654.77 

89.19 

108.51 



3 

4 

37748.96 

37852.47 

3d2 4s i*P) 4p 

3po 

1 

37851.91 

124.87 


2 

37976.78 



3 

38159.71 

182.93 
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TITANIUM I 


Ti I 


{Continued) 


Configuration 

Symbol 

J 

Term value 


3(2“ (”-P) ip 

l^c 

0 

38200,94 


3d3 (V) ip 

apo 

2 

38451,29 

93 09 



3 

38544.38 

126.35 



4 

38670.73 


3d> (»H) 4p 

;ijo 

5 

S8B7&.7S 

96 28 



6 

38669.03 

‘ 110.94 



7 

38779.97 


3(2» ('P) 4y 

SQO 

1 

3885^.23 

45 72 



2 

38699.95 

01 



3 

38764^96 


Srf” 4* (“(?) 4p 

IQO 

4 

38959.53 


3(2> {*iJ) 4p 

ipo 

1 

39078.00 


3ci> (‘iP) 5.1 

»F 

1 

39107.25 

42 01 



2 

39149.26 

65 12 



3 

39214.38 

87 98 



4 

39302.36 

110.42 



5 

39412.78 


3d» (*/f) 4p 


4 

39115.99 

36.16 



5 

39153.14 

46.26 



6 

39198.39 


3<2» {»P) 4p 

ipo 

1 

39266,80 


3f2‘ 48 (.*P) 38 


2 

39526.89 

114.09 



3 

39640.98 

144.96 



4 

39785.94 


3(/» {*P) ip 

apo 

1 

39662. 15 

23.95 



2 

39686. 10 

29.41 



3 

39715.51 


•.i(P (H)) ip 

ip° 

3 

40303. 04 


3(i» (“//) 4p 

I/O 

5 

/f0319.80 


3(2» (»/)) ip 

3/>0 

0 

/fOSOO. 76 

14.82 



1 

40384-58 

82.46 



2 

40467.04 



465 





TITANIUM I 


Ti I 


{Continued) 


CJonfiguration 

Symbol 


Term value 

Av 

Zd? (SP) 4? 

w° 

1 

2 

3 

40566.07 
40670.60 
40844' 10 

114.53 

173.59 

Sd® (^P) 4p 

3^0 

1 

40844-19 


— 

10 ° 

4 

4088S.S0 1 


3d® {m) 4? 

IJJO 

5 

41039.93 


3d® 4s (»P) 5s 

IP 

3 

41087.31 


3d8 {m) 4p 

300 

3 

4 

5 

41169.82 

41266.44 

41341-62 

85.62 

86.18 

3d2 4s (^P) 4d 

30 

3 

4 

5 

41194.42 
41368.86 
41481 . 13 

174.44 

112.27 

3d3 (2P) 4p 

3^0 

2 

3 

4 

41337.43 

41457.62 

41024-13 

120.19 

166.51 

3d2 4s (20) 4p 

l/po 

3 

41586.24 


3d2 4s (4P) 4d 

30 

2 

3 

4 

5 

6 

41714.35 

41757.47 
41818.70 

41903.48 
42019.22 

43.12 

61.23 

84.78 

115.74 

— 

Sjjo 

4 

5 

6 

41780.96 

41896.16 

41996.39 

114.20 

100.24 

3d2 4s (4P) 5p 

5£)0 

0 

1 

2 

3 

4 

41822.99 

41854-01 

41906.61 
41986.93 

42092.62 

31.02 

52.60 

79.32 

106.59 
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TITANIUM I 


Ti I 


{Continued) 


Configuration Symbol 


J Term value 


Av 


3d2 4s i^F) U 


Sd^ 4s i^F) id 


4s {*F) id 


3rf3 (2P) ip 


Zd^ (2D) ip 


3ri2 4.S i^F) id 

Zd^ 4s i^S) ip 
Zd^ 4s ('‘P) id 




Zd 4s2 (2D) ip 




3P 

3po 

3X)0 

8D° 

Spo 

ipo 

6p 


3pO 


41823.19 

41917.05 
42018.01 
42123.77 
42205.59 

41871.56 

41901.36 

41958.51 

42052.72 
42184.66 

41871.87 

41988.39 

42107.06 

41928.69 
4194s. 96 
41969.96 

42146.39 

42206.88 
42311.31 

42193.94 

42269.73 
42376.71 

42611 .68 

42724.lt 

42868,90 

42927.66 

43034.08 

43080.92 

43148.15 

43231.99 

43330.07 

43467.66 
43683.14 

43744^^^ 


93.86 

100.96 

105.76 

81.82 


29.80 

57.15 

94.21 

131.94 


116.52 

118.67 


15.36 

15.51 


60.49 

104.43 


75.79 

106.98 


112.53 

134.79 


46.84 
67.23 

83.84 
98.08 


115.59 

161.41 
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Ti I 


TITANIUM I 


{Continued) 


Configuration 

Symbol 

J 

Term value 

Aj/ 

3d3 (2E) 4p 

1^0 

4 

4367 4. SI 


3d3 CP) 4p 

ID® 

2 

43710,28 


3d» («D) 4p 

12)0 

2 

43799,67 


3^3 (4P) 4d 


3 

43843.82 

57.92 

69.81 

79.82 



4 

43901.74 



5 

43971.55 



6 

44051.37 

83.28 



7 

44134.65 

3d (SD) 4p 

82)0 

1 

43975,63 

103.77 



2 

44079.39 

153.76 



3 

44^BS.1S 

3(i» (<F) 5p 

8^0 

4 

441^2,44 

213.13 



5 

44S76.67 

3dMs (^) 4p 

i2?o 

5 

44I6S.24 


3d» (*P) 4d 


3 

4 

44254.39 
44381 . 17 

126.78 

3d2 4s (*jD) 5s 

ID 

2 

44581 . 16 


3d3 CP) 5p 

Spo 

2 

44826.26 

97.74 

118.02 



3 

4 

44923,00 

45041.02 

3d3 (2?) 4p 

3^0 

1 

44867.89 


3d» (*P) 5p 

3D® 

1 

44966.36 

97.58 

142.41 



2 

3 

45063.94 

46206.34 

3d 4s* (2Z>) 4p 

3po 

0 

46040.70 

50.03 

87.33 



1 

46090.73 



2 

45178.06 

3d* 4s (*P) 4d 


5 

45485.35 
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TITANIUM I 


Ti I 


{Continued) 


CJonfiguration 

Symbol 

j. 

Term value 

Ap 

3(i3 (*P) 4rf 


2 

— 




3 

45689.89 

21 .30 



4 

45711.28 

4.5 17 



,5 

45756.46 ? 

148.28 



6 

45904.73 


3d* 4s (}F) 4d 

m 

4 

45721.89 

110 61 



s5 

45832.50 

127.89 



6 

45960.39 


3d* 4s W 6s 

ip 

1 

45764.71 

48 30 



2 

•45813.01 

80 25 



3 

45893.26 

114.36 



4 

46007.62 

150.14 



.5 

46157.76 


3d* 4s i^F) 4d 


4 

46068.04 


3d* 4s (*P) 5s 

zp 

2 

46244.60 


3d» (*P) 4?) ? 


4 

jfim.er 


3d* 4s (<P) 6s 


4 

46530.45 


3d* 4s (*F) 4d 

ip 

3 

46650.26 


3d* 4p* 


2 

46943.91 

86.37 



3 

47030.28 

109.58 



4 

47139.86 

140.83 



,5 

47280.69 

166.15 



G 

47446.84 


3d* 4s (*P) 4(i 


3 

47038. lO’ 

156.52 



4 

47194.68 


3d* (*P) 6s 

Ap 

5 

4:7777. 


3d* 4s (<P) 5d 

ni 

3 

47840.62 

72.99 



4 

47913.61 

80.71 



s5 

47994.32 

112.51 



6 

48106.83 

156.00 

, 


7 

48262.83 
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TITANIUM I 


Ti I 


{Concluded) 


Configuration 

Symbol 


Term value 

Av 

3d2 45 W 5(i 


2 

47870.61 

66.18 

81.29 

101.39 

114.00 



3 

47936.79 



4 

5 

6 

48018.08 

48119.47 

48233.47 

3d* 4p* 

6p 

1 

48058.85 

48.57 

101.45 

119.94 

133.30 



2 

3 

4 

5 

48107.42 

48208.87 

48328.81 

48462.11 

3d* 4p* 

62) 

3 

4 

48059.82 

48186.11 

126.29 

3d* (*F) 4j) ? 


3 

48365,09 


3^2 4s (4i?’) u 

sp 

2 

48519.21 

69.07 

84.38 

99.07 



3 

48588.28 



4 

48672.66 



5 

48771.73 

Sdn 

®2) 

2 

48724.34 




1 

48724.83 




3 

48839.74 


3^2 4s (4i?) 5d 

W 

0 

48802.32 

57.19 

55.56 

109.36 

12.03 



1 

48859.51 



2 

3 

48915.07 

49024.43 



4 

49036.46 

3^2 (2Z)) 5s 


2 

49571.69 

48.03 



3 

49619.72 

4s (22)) 4d ? 

W 

2 

50128.08 


3d2 4s (2(7) 5s 

1(7 

4 

52125.98 


3d3 (8P) 5s 

ip 

1 

53663.32 
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Till 


Z = 22 


21 electrons Is* 2s“ 235 ® 3s^ 333 ® dd^ 4s iFij 

First ionization potential = 13.6 volts 

The first spark spectrum of titanium has been classified by 
Russell. The absolute value of the lowest state is estimated 
to be 110000 cm.-i with repect to Wi of Ti III. 

References 


H. N. Russell, Adrophys. Journ, 66, 1 (1927). 

G. R. Harrison, Journ, Opt. Sac. Am. 17, 389 (1928). Intensities. 


Configuration 

Symbol 


Term value 

Av 

3d* (*F) 4s 


n 

0.00 

93.94 



n 

93.94 

131.53 



3^ 

226.47 

167.75 



4J 

393.22 


AF 

n 

907.96 

75.84 



2i 

983.80 

103.41 



31 

1087.21 

128.37 



4i 

1216.68 

m As 

ip 

21 

4628.61 

268.99 



31 

4897.60 

i^D) As 

W 

n 

8710.47 

33.80 



21 

8744.27 


“C? 

31 

8997.69 

120.46 



41 

9118.15 



1 

9363.71 

32.05 



11 

9395.76 

122.29 



21 

9518.05 

3d* 

ap 

1 

9850.90 

125.02 



11 

9975.92 
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Ti n 


TITANIUM II 


[Continmd) 


Configuration 

Symbol 


Term value 

Ap 

Sd* (»P) 48 

4p 

i 

9872.87 

57.87 

94.00 



U 

9930.74 



2i 

10024.74 



4i 

12676.99 

97.82 



5i 

12774.81 


®U 

If 

2i 

12628.77 

12758.15 

129.38 

3d2 (i(?) 4s 


4i 

15267.53 

-8.07 



3i 

15266.60 

3d2 (ap) 4s 

®P 

i 

li 

16515.79 

16625.25 

109.46 

3(i3 

ap 

2i 

20891.88 

20951.77 

-69.89 

4(i2 (15) 4s 

, ®;S 

i 

21338.00 


U 4s2 . 

®I) 

li 

24961.34 

231.70 



2§ 

25193.04 

(sp) 4p 


2i 

3i 

4i 

296U^S7 

29734.4^ 

29968,08 

190.08 

233.63 



6i 

30240,68 

272.60 

3d® (®P) 4p 

4P® 

1§ 

30836.52 

122.18 



2i 

30958.70 



3i 

31113.92 

164.91 



4i 

31300.92 

187.31 

3d* (3P) 4p 

2po 

2i 

31207.44 

283.38 



3J 

31490.82 

3d® (®P) 4p 

2£)0 

li 

31756.50 

269.00 



2i 

32025.50 

3d® (ap) 4p 

2G® 

3i 

34543.36 

205.14 



4i 

34748.50 
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TITANIUM II 


Ti II 


{Continued) 


Configuration 

Symbol 

j 

Term value 

Av 

3d* m 4p 


i 

S25S^.38 

70. 13 



H 

82602.51 

95.43 



2| 

32697.94 

69.08 




32767.02 


3d* (=P) 4p 

2^0 

1 

S74S0.55 


3d* (*D) 4p 

2p«> 

li 

39602.90 

-71.74 



i 

89674-04 


3d* (*P) 4p 

4^0 


40027.28 


3d* (*D) 4p 

*!)“ 

n 

39288.44 

243.43 



2i 

39476.87 


3d* ('D) 4p 

2^0 

2i 

39926.88 

147.88 




40074.71 


3d* (»P) 4p 

Hr 

1 

40330.26 

96.55 



u 

40425.80 

166.00 



2i 

40581.80 

216.67 



3i 

40798.87 


3d* (*P) 4p 

4/->o 

i 

41996.74 

72.01 



li 

42068.85 

139.99 



2i 

42208.84 


3d* (■<?) 4p 

iQO 

3i 

48740.77 

40.22 



4i 

43780.99 


3d* (»P) 4p 

nr 

2i 

44902.4-2 

-12.38 



li 

44914-80 


3d* (»P) 4p 

2/->o 

i 

45472.89 

76.01 



li 

45648.90 


3d* ('(?) 4p 

2//® 

4i 

45678.75 

234.81 



61 

45908.66 


3d* CG). ip 

2^10 

31 

474(76.80 

-168.37 



2i 

47626.17 


3d 4s (’!>) 4p 

nr 

i 

62329.78 

129.20 



li 

62468.98 

12.50 



2i 

62471.48 

169.59 



3i 

62631.07 
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Ti n 


TITANIUM II 


{Continued) 


Configuration 

Symbol 

J 

Term value 

Av 

Zd 4s (3D) 4p 

apo 

k 

ssm .48 

6.69 




53128.17 

3i 4s (»D) ip 

2£)0 

2i 

U 

■ 5366^. 90 
53696.70 

-41.80 

3d 4s (3D) 4:p 

4po 

i 

ses^.13 

25.98 

76.83 




66249.11 




56325.94 

3d 4s (»D)4p 

apo 

2§ 

3i 

59321.79 

69467.81 

146.02 

3d=‘ (»F) 6s 

4P 

li 

62180.02 

91.23 



2i 

62271.25 



3§ 

62409.68 

138.33 



4i 

62594.27 

184.69 

3d2 («F) 6s 

2p 

2i 

3i 

63168.23 

63444.76 

276.53 

3d2 (3;^) 4d 


2§ 

64884.65 

92.92 



3i 

64977.57 




65094.29 

116.72 



6J 

66241.60 

147.31 

3d2 (3i?) 4d 

2p 

2i 

65312.71 

145.94 



3i 

66458.65 

3d“ (3F) 4d 


3i 

65184.72 

122.73 



4i 

65307.45 



6i 

65445.85 

138.40 



6J 

65589.10 

143 . 25 

3d2 (3F) 4d 

*D 

\ 

66767.43 ? 

49.06 



li 

66816.49 



2i 

66937.70 

121.21 



3§ 

66996.67 

58.97 

, 3d3 (3/?) 4d 


3i 

■ 

67604.20 

216.67 



4i 

67820.87 

3d2 (3i?) 4d 


4§ 

68328.95 

253.39 



5i 

68582.34 
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TITANIUM II 


Ti n 


{Concluded) 


Configuration 

Symbol 

J 

Term value 

Av 

3d“ («/) 4<i 


1} 

68767.66 

77.48 


24 

68845.14 

105.25 



34 

68950.39 

130.96 



44 

69081 . 35 

3d 4s (‘D)4p 

2J)0 

IJ 

e9S27.32 

294.83 



24 

89633. IS 

3d 4s Q-D) 4p 

Zjpo 

24 

70606.36 

286.65 


34 

70S93.00 
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Tilll 


Z = 22 


20 electrons Is^ 2s® 2p^ 3s® 3p« Sd® 

Ionization potential = 27.6 volts 

The classification is given by Russell and Lang. The lowest 
configuration is 3d®, whereas it was 3d 4s in Sc II, and 4s® in Ca I. 
The absolute value of the lowest state is about 340000 crQ.“^. 

Reference 


H. N. Rxjssbll and R. J. Lang, Astrophys. Joum. 66, 13 (1927). 


Configuration 

Symbol 

J 

Term 

value 

Ap 



2 

0.0 




3 

183.7 

183.7 



4 

421.9 

238.2 


ID 

2 

8472.6 



ap 

0 

10536.4 




1 

10603.5 

67. 1 



2 

10721.1 

117.6 

Zd^ 


0 

14052.7? 


Zd^ 


4 

14398.5 


Zd 4s 

8D 

1 

38063.50 




2 

38197.98 

134.48 



3 

38425.19 

227.21 

Zd 4s 

W 

2 

41703.65 


Zd 4p 

ID® 

2 

7S197.43 


Zd 4p 

32)® 

1 

76999.70 




2 

77166.65 

166.95 



3 

774S4.S0 

257.55 
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TITANIUM in 


Ti III 


{Concluded) 


Configuration 

Symbol 

J 

Term 

value 

Av 

Zd 4p 

zpo 

2 

774^1.48 

324.70 



3 

77746.18 

412.53 



4 

781S8.71 


Zd 4p 

3po 

1 

80938.0^ 




0 

80948.96 




2 

81033.60 


3d 4p 


3 

83116.68 


3d 4p 


1 

83795.70 


3d 4d 


3 

129096.3 

159.7 



4 

129256.0 

216.6 



6 

129472.6 


3d 4d 

ZD 

1 

1 




2 

129873.9 

145.6 



3 

130019.5 


3d 4d 


2 

132854.6 


3d 4d 


2 

133067.2 

142.5 



3 

133209.7 

164.0 



4 

133373.7 


3d 4d 

zp 

0 

136643.8 

58.6 



1 

136602.4 

121.7 



2 

135724.1 


4s 4p 

3po 

0 

mm 

228 



1 

137430 

481 

, - 


2 

137971 

- 
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Ti IV 


Z = 22 


19 electrons Is^ 2s^ 2p® 

Ionization potential = 43.06 volts 

The classification has been taken from the work of Russell 
and Lang. 

Reference 


H. N. Russell and R. J. Lang, Astrophys. Jouni. 66, 13 (1927). 


Configuration 

Symbol 

J 

Term 

value 

Ap 

3d 

W 

U 

348817.8 

384.3 



2i 

348433.5 

4s 


J 

268439.2 


4p 

2po 

i 

s^sos.s 

818.4 



li 

220086.9 

4d 

2D 

li 

152023.0 

85.7 



2i 

151937.3 

5s 

2^ 


136422.0 


5p 

2po 

i 

118220.2 

315.8 



li 

117904.4 

4/ 

2po 

21 

112692.5 

7 O 



3i 

112686.3 


5d 

2D 

li 

89990.6 

39.5 



2i 

89951 . 1 

6s 

2^ 

i 

82982.0 



V 

3i, 4i 

70316.7 


6A 

2pro 

4i, 5i 

48805.3 


7h 


4i. Si 

35844>S 
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Z = 81 


T1 I 

81 electrons 

Is* 2s* 2p° 3s* Sp* 3rf^“ 4s* 4p* 4d‘® 4/^^ 5s* 5p® 5(i^® 6s* 6p *Pj° 
Ionization potential = 6.07 volts 

The classification is given in Paschen-Gotze and in Fowler. 
The first table contains only the lowest terms. The hyperfine 
structure has been investigated recently and has shown that 
the nuclear moment is / = ^. The hyperfine structure separa- 
tions are 

6p *Pi 0.710 cm.-i 

6p *Pij very small 

6s *iSi 0.402 cm.“* 

References 

H. ScHxiTLBR and* H. BRtJcK, Zeits. f. Physik 66, 291 (1929). 

E. Back and J. Wulff, Zeiis. f. Phydk 66, 31 (1930). Zeeman effect of 
hyperfine structure. 

J. Wulff, Zeits, f. Phydk 6*, 9, 70, (1931). 

H. SchOler, NaUmviss. 19^ 320 (1931). Isotope effect. 



Hyinbol 


'^Perm 


Configuration 

J 

value 


Q‘P 

2po 

i 

49S164.S 

7792.7 



14 

41471,S 

7a 


4 

22786.7 


7p 

ipo 

4 

15104^6 

1001.2 



14 

1410$. 4 

6d 

w 

14 

13146.2 

81.9 



24 

10064.3 

8s 


4 

10618.3 


Sp 

2pO 

4 

7895,9 

372.7 



14 

7523,2 

7d 


li 

7252.8 

37.6 



24 

7215.2 

5/ 


24,34 

0945.8 
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T1 I 


THALLIUM I 


SERIES 


6s® mp 

m 



6 


41471.5 

7 

15104.6 

14103.4 

8 

7895.9 

7523.2 

9 

4883.3 

4701.7 

10 

33H.9 

3220.6 

11 

2410.4 

2347.1 

12 

mi. 6 

1786.8 

13 

I4I6.5 

Unresolved 

14 

1134.6 


15 

933.0 


16 

8O4.7 



Gs® ms 

m 


7 

22786.7 

8 

10518.3 

9 

6098.2 

10 

3968.2 

11 

2808.9 

12 

2085.0 

13 

1610.2 

14 

1282.3 

15 

1040.0 

16 

865.3 

17 

730.5 

18 

626.0 

19 

536.5 


6s® md 

m 

“2)ii 


6 

13146.2 

13064,3 

7 

7252.8 

7215.2 

8 

4591.6 

4571.5 

9 

3165.8 

3153.9 

10 

2314.7 

2306.4 

11 

1760.1 

Unresolved 

12 

1385.9 


13 

1120.3 


14 

923.5 


15 

774.6 


16 

659.0 


17 

565.7 


18 ■ 

491.9 



6s® mf 

m 


5 

6945.8 

6 

U40.7 

7 

— 

8 

^S44.9 ? 









T1 II 


2 = 81 


80 electrons 

ls2 2s2 2p6 3s2 4s2 4p6 4dio 5s^ Sd^o Gs^ % 

Ionization potential = 20.3 volts 

This classification has been given according to Smith. McLen- 
nan, McLay, and Crawford discovered rather large hyperfine 
structures, confirming for the nuclear moment that 7 — The 
level separations, which have not yet been measured with 
accuracy, are given in the last column. The absolute value of 
6s2 ^3o is about 164600 cm.”^ 

References 


S. Smith, Phys. Rev. 36, 235 (1930). 

J. C. McLennan, A. B. McLay, and M. F. Crawford, Proc. Roy. Soc. 
126, 570 (1929). 


Configuration 

Symbol 

J 

Term 

value 

Aj/ 

Hyperfine 

structure 

65* 


0 

0 



65 67J 

zpo 

0 

4945 H 

2941 

9333 




1 

2 

sms 

6 me 

-0.05 

3.5 


Ipo 

1 

7666S 



6a 7a 


1 

105206 


5.0 


hS 

0 

107997 



6a 6d 


2 

115164 


2,0 



1 

116112 

324 

393 

-1.5 



2 

116436 

1.0 



3 

116829 



zp 

0 

1 

117409 

125340 

7931 




2 

— 




481 






T1 II 


THALLIUM II 


{Concluded) 


Configuration 

Symbol 

J 

Term 

value 

Av 

Hyperfine 

structure 

6s Tp 

spo 

0 

119361 

216 

2454 




1 

119677 

4.0 



2 

123081 

3.5 

— 

V 

1 

122381 


-0.5 

6s 7p 

ipo 

1 

126206 


-0.5 

6p2 

ID 

2 

128819 



6s 5/ 


3 

136119 


1.0 



2 

136222 


-2.0 



4 

136236 



5/ 

Ijyro 

3 

136269 



6s7<i 

ID 

2 

136893 


0.5 

7d 

3D 

1 

137928 

127 

149 

-2.5 



2 

138055 

0.5 



3 

138204 

4.0 

— 

2" 

3 

U2786 



6s 9s 

3^ 

1 

145415 


4.5 

6s Sd 

ID 

2 

146418 


-5.0 

6s 6/ 

8po 

4 

U6604 





2 

146629 


-2.0 



3 

146639 


-2.5 

6s 8d 

3D 

1 

147603 

51 

95 

-2.0 



2 

147654 

1.0 



3 : 

147749 


6s 10s 

3.5 

1 ' 

151748 



6s 7/ 

apo 

2, 3, 4, 

162116 
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T1 III 


Z = 81 

79 electrons Ionization potential = 29.7 volts. 

Is2 2s2 2p« 3s2 3p6 4s2 4pS 5p^ Qs 

The levels based upon have been taken from the paper 
by McLennan, McLay, and Crawford; those involving 5d® 6s 
are from Pattabiramayya and A. S. Rao. The latter are given 
in a separate table because they are somewhat uncertain, 
especially as far as their position with respect to the other 
levels is concerned. The absolute value of 6s is estimated 
240600 cm.“^ with respect to of T1 IV, 

References 

J. C. McLennan, A. B. McLay and M. F. Crawford, Proc. Roy. Soc. 
A126, 50 (1929). 

J. D. McLennan and E. J. Allin, Proc. Roy. Soc. A129, 43 (1930). Hyper- 
fine structure. 

G. Arvidsson, Nature 126, 565 (1930). 

P. Pattabiramayya and A. S. IIao, Indiari Journ. Phys. 6, 407 (1930). 



Symbol 


Term 

Av 

Configuration 

J 

value 


'^S 

i 

0 


6p 

%po 

i 

li 

64167 

78970 

14813 

7s 

‘^S 

i 

139209 


6d 

w 

li 

146366 

1314 



2i 

146669 

7p 

2pO 

1 

1678^2 

6682 


li 

1635S4 

5/ 

2^0 

3i 

2i 

mm 
mm , 

-1362 

8s 

^S 

i 

183187 


7d 


li 

186356 

692 



2i 

186948 

5g 

'^G 

3i, ^ 

201011 
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Ti ni 


THALLIUM III 


CJonfiguration Symbol J 




6s 6p 


6s 6p 


5ci® 6s 6p 


bd^ 6s bd 


bd^ 6s bd 


bd^ 6s bd 


W 2i 

li 

4F" 3i 

2i 


2i 


2i 

li 

i 


11U67 

IHlJiQ 

141037 

123867 

imsi 

149038 

163346 

14^916 

166806 

160763 

143881 

151988 

156566 

159360 

163246 

172661 

177241 

180818 

174540 

179614 

180670 


-17574 

-7607 

-4308 


-8107 

-4578 

-2794 


HtpEEFINE StRTJCTUBB SBPARA.TIONS 
Nuclear moment 7 = | 





T1 IV 


Z = SI 


78 electrons 

ls2 2s2 3s2 8p^ 4s^ 4p^ 4d^^ 4/^^ 5s^ 5p^ 5d^^ % 

These terms are taken from a paper by Mack. Arvidsson 
has observed some large hyperfine structures. 

References 


J. E. Mack, Ph^/s. Rev. 34, 17 (1929). 

K. R. Rao, Proc. London Phys. Soc. 41, 361 (1929). 
G. Arvidbson, Nature 126, 565 (1930). 



Symbol 


Term 


Configuration 

/ 

value 


6<2» (2I>24) 

1 

3 

0 

w 

2 

2 

3688 

w 

(“Oii) 6s 

3 

1 

18866 


4 

2 

21681 

IjD 

5d (=D) 6p 

1° 

2 

7%B8% 


2° 

3 

7^78S 



3“ 

4 

me 17 



4 " 

2 

mm 



6 ° 

3 

97B17 



6" 

1 

loom 
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^ H ^ P W 


VI 


2= 23 


23 electrons Is^ 2s^ 2p^ Ss^ 3p® 3d^ 4s^ 

Ionization potential == 6.76 volts 

These term values of the arc spectrum of vanadium are from 
the unpublished work of Meggers. The configurations 3d® 45 ip 
and 3d^ 4p overlap so completely that the assignment of electron 
configurations for the higher terms is very doubtful. 


References 

Bechert and L. A. Sommer, Zeits. f.Physik 31, 145 (1925). 

Laporte, Physih. Zeits. 24, 510 (1923); Naturwiss. 11, 779 (1923). 

. F. Meggers, Joum. Wash. Acad. Sci. 13, 317 (1923); 14, 151 (1924). 

. F. Meggers, C. C. Kiess, and F. M. Walters, Joum. Opt. Soc. Am. 9, 
355 (1924). 

N. Russell, Astrophys. Joum. 66, 233 (1927). 

. F. Meggers, unpublished material. 


Configuration 

Symbol 


Term value 

3d3 4s2 

ip 


0.00 



2i 

! 137.38 



3i 

323.42 



4i 

553.02 

Zd* i‘D) 4s 


i 

2112.32 



1§ 

2153.20 



2§ 

2220. 13 



3J 

23U.37 



4i 

2424.89 

Zd* («D) 4s 


i 

8412.94 



IJ 

8476.20 



2i 

8578.62 



3i 

8715.72 

3d»4s* 



9544.54 



u 

9636.96 



2i 

9824.58 


Av 


137.38 

186.04 

229.60 


40.88 

66.93 

91.24 

113.52 


63.26 

102.32 

137.20 


92.42 

187.62 




VANADIUM I 


V I 


(Continued) 


Configuration 

symbol 

j n 

'erm value 

Av 

3d* (’H) 4s 


31 

14910.4 

39.0 



4^ 

14949.4 

51 5 



5^ 

15000.9 

62 1 



6i 

15063.0 


3d* (*P) 4s 

4p 

1 

ii' 

16078.3 

192.2 



u 

15270.5 

301.4 



2i 

15571.9 


3d* (’P) 4s 


li 

16664.5 

24.1 



2i 

15688.6 

35.4 



3i 

16724.0 

46.3 



4i 

16770.3 


3d* 4s (®F) 42) 

6GfO 

14 

16361. S5 

88.42 



24 

16U9.77 

122.74 



34 

16873.61 

156.21 



44 

16738.73 

188.40 



64 

16917.12 

219.26 



64 

17136.38 


3d* (^) 4s 


24 

17054.9 

63.2 



34 

17117.1 

64.7 



44 

17181.8 

60.2 



64 

17242.0 


3d» 4s (‘P) 4p 

epo 

4 

18088.83 

40.36 



14 

18136.17 

71.88 



24 

18108.08 

104.22 



34 

18303.37 

136.80 



44 

18438.07 


3d’ 4s (’P) 4p 

flp® 

4 

18130.08 

53.98 



14 

18174.06 

84.81 



24 

18388.87 

113.69 



34 

18373. 4fi 

141.03 



44 

18813.49 

167.0 



64 

18680.8 


3d’ 4s (’P) 4p 

4£)«> 

4 

30606.46 

81.34 



14 

30687.80 

140.69 



24 

30838.49 

203.95 



34 

31033.44 
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V I 


VANADIUM I 
{Continued) 


Configuration 

Symbol 

/ 

Term valu 

3d3 4s (^F) 4p 

4^0 

2i 

21841.40 



3§ 

21968.40 



4^ 

22121.09 



6i 

22818.92 

3d3 4s i^F) 4:p 

4^0 

li 

28088.04 



2§ 

28210. S2 



3i 

28868.06 



4i 

28619.84 

— 

2£)0 

li 

28608.7 



2i 

28986.2 

Sd* (»Z)) 4p 

flpo 

li 

24648.10 



2§ 

24727.84 



3i 

24888.57 

3d* (»D) 4p 

4po 

i 

24770.68 



li 

2491S,07 



2i 

26180.92 

3d* ('D) 4p 


i 

24789.80 



U 

24880.18 



2J 

24898.76 



3i 

24992.86 



a 

26111.44 



6i 

26258.42 

3d* i‘D) ip 


H 

26980.60 



2i 

26004.22 



3§ 

26122.07 



4i 

26171.97 

3d* (»D) ip 

4jr)o 

i 

26182.68 



li 

26249.44 



2i 

26862.62 



3i 

26480.30 

3d* (»Z)) 4p 

6^)0 

i 

26897.22 



H 

26487.64 



2i 

26606.89 



3i 

26604.77 



44 

26788.27 


Av 


122.00 

157.69 

192.83 


122.48 

142.54 

166.78 


326.5 


79.74 

110.73 


144.49 

215.85 


40.88 

68.57 

94.10 

118.69 

141.98 


73.72 

117.85 

49.90 


66.81 

103.18 

127.68 


40.42 

68.25 

98.88 

133.50 
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VANADIUM 1 


V I 


{Continued) 


Configuration 

Symbol 

J 

Term value 

Av 

3d= 4s (‘F) ip 

6£)0 

1 

2 

283 IS. 63 

55 10 



li 

28368.73 

44 



2i 

28462. 17 

133.40 



3i 

28595.57 

172.53 



4i 

28768. 10 


4« (»/") 4p 

epo 

li 

29202. 76 

93 67 



24 

29296. 4S 

121.72 



34 

29418.15 


___ 

Ap^ 

4 

30021.64 

72 93 



14 

30094.57 

26 23 



24 

30120.80 


3d‘ (=(?) 4p 

AH^ 

34 

30593.6 

27 1 



44 

30620.7 

96 0 



54 

30716.7 

1 



64 

30784.8 


3d‘ (»(?) 4p 

4QO 

24 

30635.60 

58.76 



34 

30694.86 

77 38 



44 

30771 . 74 

92.58 



64 

30864.32 

(**(7) 4p 

4po 

14 

31200.1 

28 ‘.9 



24 

31229.0 




34 

31267.6 

oo . u 

40 R 



44 

31317.4 

‘XV . O 



^QO 

24 

31398.04 

143.15 



34 

31541.19 

180.45 



44 

31721 .64 

215.38 



64 

31937,02 




ijjo V 

14 

32738.27 

152.83 



24 

$2891.10 


4p 

Air 

14 

32767.91 

78,88 



2i 

32846.79 

142.06 



34 

32988.85 

166.50 



44 

33155.35 


. ■ ■ 

Ajy 

4 

33966.74 




14 

— 




24 

34066.72 

62.16 


- 

34 

34127.88 
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VANADIUM I 


V I 


{Continued) 


Configuration 

Symbol 

J 

Term value 

Av 

-- 

2jr)o 


33976.00 


— 

1® 

2i ? 

S4OI6.3 



2*^ 

li 

34OSO.O 




3 ^ 

34375.0 


— 

2£)0 ^ 

ij 

344^8.85 

57.95 




34486.80 

— 

4 D^ 

J 

SU77.U 

59.84 

82.24 

127.52 



li 

34537.38 



2 ^ 

3§ 

34619.52 

34747.04 

— 


i 

35012.96 

79.20 

133.04 

153.95 



li 

2i 

3i 

35092. 16 
36225.20 
35379.15 

— 

4® 

2i 

35698.6 



6® 

3i 

36769.3 



6® 

li 

36809.8 


3d4 (3J7) 433 

4/0 

4i 

37180.9 

135.0 

140.7 

150.2 



Si 

37316.9 



6i 

37466.6 



7i 

37606.8 ? 

4s (5F) 5s 


i 

37374.98 

48.06 

80.05 

111.84 

143.05 



li 

37423.04 



2i 

3i 

4i 

37503.09 

37614.93 

377S7.98 



Si 

37931.28 

173.30 

— 

4 D° 

i 

37767.39 

77.70 

124.64 



li 

2i 

37834.99 

37969.63 



3i 

38115.61 

155.88 

Zd^ {m) ’4p 

Hr 

3i 

38346.8 

78.1 

81.1 

78.0 



4i 

38333.9 



Si 

38406.0 



6i 

38483.0 
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VANADIUM I 


V I 


(Concluded) 


Configuration 

Symbol 

/ ^ 

Cerm value 

b.V 



4pO 

1 

2 

39SS7.15 

11.68 



li 

3Q3JS.83 

173.82 



2| 

39433.65 


3d» 4s C'P) 6s 

AF 

U 

39266.33 

33.98 



2i 

39300.31 

40.94 



3i 

39341.26 

49.39 



4i 

39390.64 



4J70 

34 

40316.1 

63.7 



44 

40378.8 

73.7 



54 

40453. 5 

83.2 



64 

40636.7 


— 

iF° 

14 

41389.33 

39.72 



24 

41439.04 

63.00 



34 

41m -04 

107.11 



44 

41699.16 


Zd* (»//) 4p 

iQo 

24 

41864.5 

104.0 



34 

41758.5 

101.8 



44 

41860.3 

67.9 



54 

41918.3 


_ 

*F° 

14 

43981.0 

70.1 



24 

43051.1 

96.1 



34 

7^146. 3 

119.6 



44 

43365.7 


_ 


4 

43349.6 

69.6 



14 

43309.1 

101.9 



24 

43411.0 

144.2 



34 

435 55. 3 



4QO 

24 

46053.6 

86.4 



34 

46I4O.O 

104.7 



44 

46344-7 

119.4 



64 

46364-1 


_ 


14 

47803.8 

114.0 



24 

47916.8 

224.4 



34 

48141-^ 

■ 187.8 



44 

43339.0 
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V II 2? = 23 

22 electrons Is* 2s* 2j)® 3s* 3p® Zd^ ®Z)o 

First ionization potential = 14.1 volts 

The classification has been given for the greater part by 
Meggers. The assignments given here are largely from Eussell. 
The absolute value of the lowest state is 114600 cm.“^ with 
respect to 3d* of V III. 
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Configuration 

Symbol 

/ 

Term 

value 

Av 



0 

1 

2 

3 

4 

0.00 

36.06 

106.70 

208.80 

339.26 

36.06 

70.64 

102.10 

130.36 

3d® (^F) 45 

®F 

1 

2 

3 

4 

5 

2604.70 

2686.87 

2808.61 

2986.07 

3162.57 

82.17 

121.74 

159.46 

194.50 

3d® (^F) 4s 


2 

3 

4 

8639.82 

8841.52 

9097.34 

201.70 

255.82 

3d^ 

3p 

0 

1 

2 

11295,00 

11514,40 

11907.90 

219.40 

393.50 

3d^ 

®F 

2 

13490.33 

51.82 

66.24 



3 

4 

13542.15 

13608.39 
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VANADIUM II 


V n 


Configuration Symbol J 


3d= (<P) 4s 


1 13511.20 

2 13694.20 

3 13741.23 


83.00 

147.04 


3d« (*<?) 4s 


3 14461.26 

4 14555.52 

6 14655.08 


3 16340.66 

4 16420.96 

6 16532.29 


80.40 

111.33 


3d’ (=J?) 4s 


4 20241.76 
6 20279.70 
6 20362.80 


3d’ (*P) 4p 


S4691S.6S 
S474B.61 
84948. S3 
36193.88 
85483.36 


3d» (*F) 4p ? 


1 86488.94 

2 86673.16 

3 36918.84 


3d’ (<P) 4p ? 


1 86964-30 

2 37040.70 

3 37304-67 


3d’ (’P) 4p 


37160-48 

37863.36 


3d’ (*P) 4p 


37301.04 

37359.04 

87368.64 
37630.14 

87630.64 
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VANADIUM II 


Configuration Symbol J 

value 


3d® ) 4p 


3d® (®f ) 4p 


3d® (®P) 4p 


3d® (*P) 4p 


3 37S3S.60 

4 37403 . SS 

5 37313.37 

2 40001.1$ 

3 40194.99 

4 40439.56 


169.65 

209.12 


193.80 

234.56 


1 

2 


‘D° 0 46686.7 

1 46689.88 

2 46739.6 

3 47180.83 

4 47419.77 


104.2 
49.6 

441.3 
238.95 


3d® (®P) 4p 


3d® (<P) 4p 


1 46753.98 

2 46879.46 

3 47051.46 

4 47056.83 

5 47396.68 

6 47607.38 

2 49731.0 


125.48 

171.99 


240.75 

310.70 


5 63083.38 

6 63153.97 

7 63353.37 


— ®/° 5 53877.46 

6 63076.36 

7 63318.96 

3d®(®P)4p? ®S° 1 58460.9 


3d® (®P) 4d »fl- 


3 72446.1 

4 72549.7 

5 72678.8 

6 72835.6 

7 73018.1 


198.81 

242.69 
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VIII 


2? = 23 


21 electrons 2p® 3p® 

First ionization potential = 26.4 volts 

Classification is given by White from a study of the isoelec- 
tronic sequence. The absolute value of the lowest state is 
estimated to be 214000 cm.“^ with respect to 3^^ of V IV. 

Reference 


H. E. White, Phys. Rev. 33, 674 (1929). 


Configuration 

Symbol 

J 

Term 

value 

Ai^ 

Zd^ 

4F 

li 

0 

145 



2i 

146 

194 



3i 

339 

244 



4i 

683 


Zd^ 

%p 

i 

11207 

180 



IJ 

11387 


Zd^ 


i 

11613 

77 



li 

11690 

181 



2i 

11771 


3d» 


3i 

11966 

221 



4i 

12187 


3d® 

W 

li 

16229 

147 



2i 

16376 


3d® 


4i 

16822 

165 



6.i 

16977 


3d2 {W) 4.s‘ 

4F 

li 

43941 

167 



2i 

44108 

236 



3i 

44344 

301 



41 

44646 

3d2 (3F) is 


2i 

49329 

478 



3i 

49807 
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V m 


VANADIUM III 
{Conduded) 


Configuration 

Symbol 

j 

Term 

value 

hv 

(52?) 4p 

4^0 

2i 

85623 

351 

431 



3| 

85874 



4^ 

86S05 



6^ 

86808 

503 

{^F) 4p 

iF° 

li 

86716 

221 



2i 

86937 



3i 

87218 

281 

326 



4i 

875U 

3d» (»2?) 4p 

2F° 

2J 

87881 

448 



3i 

88329 

3(2* (‘i?) 4p 

2£)0 

li 

88560 

386 



2i 

88946 

3d5 (>2?) 4p 

42)0 

i 

89004 

187 



li 

89191 



2i 

89468 

267 

-40 



3i 

89418 

3(25 (8f ) 4p 

2Q0 

3i 

91712 

343 



4i 

92055 

3(25 (sii^ 4d 


3i 

141269 

217 



4i 

141486 



5i 

141733 

247 



6i 

141991 

258 
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VIV 


Z = 23 


20 electrons Is* 2s* 2p* 3s* 3p® 3d* 

Ionization potential = 48 volts 

The classification is taken from a paper by White. The 
estimated absolute value of the lowest state is 391000 cm.~^ 
with respect to 3d *jD of V V. 

Reference 


H. B. White, Phys. Rev. 33, 542 (1929). 


Configuration 

Symbol 

J 

Term 

value 

Av 

Zd^ 

zp 

2 

3 

0 

318 

318 

412 



4 

730 

3d* 

W 

2 

11668 


Zd^ 

zp 

0 

13121 

117 



1 

13238 

216 



2 

13463 

Zd^ 


4 

19087 


Zd^ 


0 

20091 


Zd 48 

w 

1 

96196 

216 

386 



2 

96410 



3 

96796 

Zd 48 


2 

100902 


4p 

ljr)0 

2 



4p 


1 

14S116 

310 



2 

1464^6 

426 



3 

146861 
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V IV 


VANADIUM IV 


{Concluded) 


Configuration 

Symbol 

J 

Term 

value 

Av 

Zd 4p 

Zpo 

2 

U71S3 

520 

712 



3 

147653 



4 

14S366 

4?? 

Zpo 

1 

I6I434 

-22 



0 

151443 



2 

151664 


4p 

lp’<> 

3 

154618 


4p 

Ipo 

1 

166265 


U 


3 

217835 

262 

364 



4 

218097 



5 

218461 

4d 

zp 

2 

223510 

323 

430 



3 

223833 



4 

224263 
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vv 


^ = 23 

Is* 2s* 2}3« 3s* 3d *Dii 


19 electrons 

Ionization potential = 64 volts 

The classification has been given by Gibbs and White. The 
lowest state 3d *Dij probably has an absolute value of about 
520000 cm.“’^. 

Reference 


R. C. Gibbs and H. E. White, Phys. Rev. 33, 167 (1929). 


Configuration 

Symbol 

J 

Term 

value 

Lv 

3d 

W 

li 

0 

620 



21 

620 


4:8 


1 

148100 


4p 

2po 

1 

mS47 

1270 



11 

men 


58 


1 

328167 


if 

opO 

21,31 

348S84 1 


j 6s 

VS 

1 

403933 
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WI 


2 ; = 74 


74 electrons 

Is* 2s* 239 ® 3s* Sp® 3d“ 4s* 4p® 4di» 4/'® 5s* 5p« 6s* ®Do 

These terms were kindly given to us by Dr. Laporte. 

References 


O. Laporte, unpublished material. 

H. Beining, Zeits. f. Phyaik. 42, 146 (1927). Zeeman effects. 


Configuration 

Symbol 

J 

Term 

value 



0 

0.00 



1 

1670.27 



2 

3325.50 



3 

4829.99 



4 

6219.30 

6d» 6s 

'^S 

3 

2951.27 

— 

1 

4 

12161.96 


2 

1 

13307.09 


3 

3 

13348.53 


4 

2 

13777.71 


5 

2 

14976.21 


6 

3 

17701.16 


7 . 

2 

18116.83 


8® 

2 

18632. H 


9 

3 

18974.48 


10 

2 

19253.59 
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TUNGSTEN I 


W I 


{Continued) 
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W I 


TUNGSTEN I 


(Continued) 


Configuration 

Symbol 


Term 

value 

— 

33° 

2 

2939S.S8 


34° 

3 

29919.81 


35° 

3 

SOS 86. 61 


36° 

1 

30688.43 


CO 

o 

1? 

31170. 6S 


o 

00 

CQ 

1 

8132$. 4S 


39° 

4 

31432.86 


40° 

2 

31817.60 


41° 

3 

82288.00 


42° 

4 

32828.09 

■ 

43° 

3 

32967.66 


44° 

2 

33141.38 


45° 

3 

34328.67 


46° 

3 

84363.98 


47° 

2 

34485.88 


48° 

4 

34632.61 


49° 

1 

34719.32 


50° 

4 

35116.71 


51° 

2 

35731.94 


52° 

3 

36082.19 


0 

CO 

1 

36190.42 


54° 

5 

36275.08 
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TUNGSTEN I 


W I 


{Continued) 


Configuration 

Symbol 

J 

Term 

value 

— 

56" 

2 

S6672.67 


56" 

3 

36874. SI 


57" 

2 

36904 AS 


58" 

4 

37146.29 


59" 

2 

37476.26 


60" 

3 

37674.04 


61" 

1 

37773.94 


62" 

3 

38062.96 


63" 

3 

38206.41 


64“ 

4 

38259.33 


66" 

4 

38748.40 


66" 

2 

39030.29 


67" 

2 

39245.80 


68" 

6 

39360.98 


69" 

3 

39646.35 


70" 

2 

39707.02 


71" 

4 

39721.90 


72" 

2 

40011.38 


73" 

3 

40233.94 


74" 

3 

40279.26 


75" 

1 

40411^06 


76" 

3 

40666.86 
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TUNGSTEN I 
(Concluded) 


Configuration 

Symbol 

J 

Term 

value 

— 

770 

1 

40770.66 


0 

00 

2 

40868.S7 


7r 

4 

4098S.77 


0 

0 

00 

4 

41198.07 


sr 

3 

41439.88 


0 

<M 

00 

2 

4158S.10 


0 

CO 

00 

3 

41694.24 


0 

00 

2 

41784.06 


85^* 

3 

48261.41 


86 ° 

3 

48601.02 


0 

00 

4 

48910.71 


0 

00 

00 

4 

43260.98 


89 

1 

43451.86 


90° 

3 ? 

48860.64 


91° 

2 

48976.06 


92° 

3 

44448.98 


93 

0 

45225.23 


94° 

4 

46262.48 


95° 

4 

46869.00 


96° 

3 

46067.90 


97° 

4 

48626.08 
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Xel 


Z = 54 


54 electrons 

Is® 2s® 2p« 3s® Sp® 4s® 4p® 5s® 5p“ ‘So 

Ionization potential = 12.078 volts 

This classification of the arc spectrum of xenon is taken for 
the most part from the work of Meggers, De Bruin, and 
Humphreys. 


References 

W. F. MaaoBBS, T. L. db Bbuin, and C. J. Humphbbts, Bur. Stand. Jourrt. 
Res. 3, 731 (1929). 

W. Gkemmeb, Zeits. f. Physik. 69, 164 (1930). 


Paschen 

notation 

Configuration 

Symbol 

j 




0 

Ui 

6/>* (®Pij) 68 

r 

2 

Isa 

2“ 

1 

lS8 

6p‘(®^l) 68 

3^ 

0 

ISi 


4** 

1 

2pio 

6p» (®Pii) 6p 

1 

1 



2 

2 

2^8 


3 

3 

2p/ 


4 

1 



5 

2 

2'Pb 


6 

0 

3<i6 

6p‘ (®P.i) 6<1 

r 

0 

ZcIa' 

2^ 

4 

3^4 


3" 

3 

Zd% 


4® 

1 

3(^6 


5° 

1 

3di" 


6° 

2 

3d/ 

■ 


r 

1 ^ 


Term 

value 


97835.3 

80760.98 

89789.84 

81687.74 

80649.44 

20666.33 

19714.72 

19431.61 

18878.50 

18622.04 
17716.59 

18068.18 

17686.86 

17611.89 

17847.94 

16868.49 

16907.90 
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Xe I 


XENON I 


{Concluded) 


Paschen 

notation 

Configuration 

Symbol 

J 

Term 

value 

286 

Sp' (“Pi}) 7s 


2 

_ ■ 

284 


2® 

1 

139U-1 

32?io 

(^Pii) 7p 

1 

1 

9907.29 

3j>9 


2 

2 

9482.80 

3p8 


3 

3 

9365.27 

3^7 


4 

1 

6089.92 

3^6 


5 

2 

9147.97 

3p6 


6 

0 

8992.20 


5p6 0p 

7 

1 

9455.37 

22?j 


8 

2 

8672.18 

2p2 


9 

1 

8555.78 

2pi 


10 

0 

7974.43 


SERIES 
6p« i/So 


97835.3 


m 

5p6 ^ 

53 ?® ( 2 Pj) ms 

12° 

2i'> 

0 

0 

CO 

4i“ 


80766.98 

7089.96 
44S6.81 
3074.86 
me. 67 

89789.34 

18944.1 

6908.07 

4418.35 

8047.88 

8848.64 

21637.74 

4835.76 

W649.44 

4768.8 
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XENON I 


Xe I 


{Continued) 


C-Pij) mp 

m 

7>io li 

P 9 22 

P8 83 

Pt 4i 

pi 62 

Pi 60 

6 

20565.33 

19714.72 

19431.51 

18878.50 

18622.04 

17716.59 

7 

9907.29 

9482.80 

9365.27 

9089.92 

9147.97 

8992.20 

8 

5681.21 

6613.10 

5569.61 

5501.63 

5463.48 

5279.09 

9 

3767.26 

3724.37 

3700.06 

3665.64 

3644.40 

3549.35 

10 

2679.00 

2652.83 

2637.91 

2618.04 

2604.93 

2548.67 

11 



1976.92 

1963.65 

1956.43 

1918.66 

12 



1636.42 


1522.83 



6?)* mp 

m 

Pi 7i 

pi 82 

P2 9i 

Pi lOo 

6 

9455.37 

8672.18 

8555.78 

7974.43 


6p* (“Pii) md 

'm 

de lo° 

d,' 24 ° 

d, 83° 



di" 62° 


6 

18068,18 

17686.85 

17511.89 


17847.94 

16863.49 

15907.90 

7 

9 m. 98 

8922.80 

8809.56 

9284.67 

8591.24 

8289.42 

8299.90 

8 

6574.56 

6889,60 

BI88.SS 

6155.94 

6120,42 

5112.94 

5101.14 

9 

S710.08 

8608.29 

3544.^6 

3606.38 

8548.81 

8464.80 

8464.47 

10 

8654.60 

2584.58 

2661,44 

2606.01 

2559.92 

2521.17 

2499.72 

11 

2088,60 

194^.08 

1922.12 

1921.19 

1929.64 

1902.64 

1887.64 

12 

1505. 57\ 

1612.63 

1499.95 

1519.87 

1605. 40 

1486.91 

1475.64 

13 


1211.88 

1202,71 


1205.82 


1184.64 


5 p' ( 2 Fj) md 

m 

Si" 9.2' 

Si"" 103° 

Sl'" ll2° 

Si' 121° 

6 

6387.01 

6087.89 

5706.16 

5574.55 
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Xe 1 


XENON I 


{Concluded) 


5p5 (2P^) mf 


X 1. 

Y 

tS3 

CO 

U 4j 

V 52 

6994.68 

4471.82 
3099.40 
2273.04 

1737.83 
1369.62 
1110.11 

6985.03 

4468.36 

3097.50 

2272.14 

1737.15 
1369.62 
1110.11 

6972.73 

4455.97 

3089.26 

2266.31 

1732.92 

1367.71 

1106.75 

6927.30 

4433.20 

3076.37 

2258.67 

1728.89 

1364.65 

6924.40 

4430.38 

3074.46 

2257.26 

1727.45 


W 


6 , 


4 

5 

6 

7 

8 
9 

10 


6889.21 
4412.59 
3063.94 
2260.14 
1721 . 99 
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Xe III 


Z = 54 


52 electrons Is^ 2s^ 2p® 3s^ 3;p® 3ci^° 4s^ 4p® 4d^° 5s^ 5p^ ^P% 


This classification has been given by Deb and Dutt, It is 
surprising that the 5d is inverted. 


Reference 

S. C. Dbb and a. K. Dtjtt, ZeiU. /. Phy^k. 67, 138 (1931). 


Configuration 


Symbol 


J 


5p^ 6s 


5^0 


2 


Term 

value 


0 


Ap 


5p3 6d 


SJ)o 


968 

1386 

1699 

1713 

1764 


-427 

-214 

-114 

-62 


5p® 6p 


up 


1 26732 

2 26023 

3 26438 


291 

416 


6p* 7s 


6^0 


2 


60833 


6p» M 


6£)0 


63873 

63933 

63998 

63094 

63336 


60 

66 

96 

132 
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YI 


2 = 39 


39 electrons ls“ 2s* 2p«3s* 3y«3d“ 4s* 4p«4(i 5s* *Dii 

Ionization potential = 6.5 volts 

These terms are taken from a paper by Meggers and Russell. 
For a few of the multiplets the assignment of electron configura- 
tions is not quite certain. 

The absolute value of the lowest state is about 53000 cm.-^ 
with respect to 5s* of Y II. 

Reference 


W. F. Meggees and H. N. Russell, Bur. Stand. Joum. Res. 2, 733 (1929). 
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YTTRIUM I 


y I 


(Continued) 


Configuration 

Symbol 

/ 1 

Term 

value 

Av 

4d“ i^D) 6s 

2D 

li 

15994.0 

164.8 



21 

16-158.8 


4d 5s('D)5p 

2J[)0 


16066.0 

-80.1 



u 

16146.1 


4d 5s i^D) 5p 

4J)0 

i 

16435.8 

161.5 



li 

16697.6 

219.3 



21 

16816.6 

299.7 



3i 

17116.3 


4d« (‘G) 5s 

26^ 

4§ 

18499.2 

-13.2 



3i 

18612.4 


4d 5s (»D) 6p 

4po 

1 

18976.3 

51.2 



11 

19027.5 

120.6 



21 

19143.0 


4(^2 (3P) 6s 

2p 

1 

19237.7 

168.4 



11 

19406.1 


4d 6s (>D) 6p 

ap® 

21 

21638.6 

386.8 



31 

21916.4 


id 5s (*D) 6p 

2D® 

11 

24131.2 

616.4 



21 

24746.6 


4d 6s(»Z))6p 

ap® 

21 

24618.8 

380.7 



31 

24899.5 


4d 6sC£>)6p 

ap® 

11 

24480.6 

-218.2 



1 

24698.8 


4d 6s (®D) 5p 

apo 

1 

27824.6 

315.1 



11 

28139.6 


4d“ (’f ) 6p 

4(^0 

21 

28694-0 

294.9 



31 

28988.9 

376.3 



41 

29364-3 

466.2 



51 

29820-4 


4d’ 

4p 

11 

29272.0 

148.3 



21 

29420.3 

193.3 



31 

29613.6 

229.0 



41 

29842.6 

. 
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YTTRIUM I 


idfi (’jP) 5p *F' 


Symbol 

J 

Term 

value ^ 

4^0 

li 

31508.4 


2i 

31680.0 171.6 


3i 

31909.2 229.2 


4i 

32188.1 278.9 


4d 6s (»D) 68 *D 

4d“ (*P) 6p <D° 

4(i2 (>P) 5y 26“ 

4d2 (*1?) 6p 2i?° 

5s 6p2 ? sp 

4d2 (»P) 5p 2U° 

5s* 5p2 *p 

5s 5p2 1 ij) 

4d2 (sp) 5p 2^0 

4d^ (’P) 5p <p<> 


i 31671.6 

i 31977.6 
li 32091.0 
2i 32366.3 

i 33148.3 
li 33237.8 
2i 33411.6 
3i 33762.7 

i SS216.4 
1| 83266. S 

2\ 33367.6 

3i 83614.6 

3i 33432.3 
4i 33788. S 

2i 83608.2 
3i 34029.8 

i 33613.2 
li 33842.3 

li 33906.8 

2\ 34247.7 

i 33911.5 
li 34156.8 
2i 34621.2 

li 34231.2 
2i 34267.4 


36816.7 
36061.0 

36135.7 
36361.3 
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YTTRIUM I 
(Continued) 




YTTRIUM I 


Configuration 

Symbol 

J 

Term 

value 

t^v 


4(Z2 (3F) 5p 

5s2 6d W 

5s 52)2? 2 ^ 

4d2 (1(7) Sp 2^0 

4d2 (3F) 5d ? 


4^2 (3F) 6s 


id 5s (3D) 7s ^D 


id 52)2 


4d 5p2 ? 2p 

4<i2 (sp) 6s ? *P 


406 36. 3 

40673.4 


42655.8 

43069.8 

42685.5 

43857.9 
42894 


li 43095.7 
2i 43337.5 
3i 43704.4 
i\ 44190.5 

\ 43643.9 


44053.0 ? 

44365.7 

44759.6 


44655.0 

44922.1 

44984.5 

44660.2 

44748.3 

45008.3 

45204.0 

44742.6 ? 

45069.3 

45388.5 

45796.5 

45663.5 

45947.5 

45994.0 


50254.0 
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YII 


Z = 39 


38 electrons Is* 2s* 2p* 3s* 3p® 4s* 4p® 6s* '(So 

First ionization potential = 12.3 volts 

This classification is according to the work of Meggers and 
Russell. The absolute value of the lowest state is 100000 cm."' 
with respect to 4(i *jD of Y III. 


Reference 

W. F. Meqgbes and H. N. Russbli., Bur. Stand. Joum. Res. 2, 733 (1929). 


Configuration 

Symbol 

/ 

Term value 

Ay 



0 

0.00 


4ci 5s 

w 

1 

840.18 

204.91 



2 

1045.09 

404.79 



3 

1449.88 

5s 

ID 

2 

3296.27 


4d2 

3/y’ 

2 

8003.12 

324.89 



3 

8328.01 

416.38 



4 

8743.39 

4rf2 

3p 

0 

13883.47 

134.86 



1 

14018.33 

79.84 



2 

14098.17 

4^2 

ID 

2 

14832.91 


4d2 

ID 

4 

15683.0 


5s 5p 

Zpo 

0 

SSUB.IO 

331.16 ' 



1 

28776. ZB 

870.94 



2 

$4647.18 

4d 6p 

ID® 

2 

$6147.81 
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Y II 


YTTRIUM II 


(Continued) 


Configuration 

Symbol 

J 

Term value 

Av 

4(i 5p 

zpo 

2 

nne.m 

305.25 


3 

uress.m 



4 

Z8S94.S1 

862.09 

4d 5p 

ipo 

1 

mi6.7i 


4d 5p 

3Z)® 

1 

98596.85 

134.80 


2 

mso.os 



3 

99814.07 

484.02 

4d 5p 

Zpo 

0 

32048.8^ 

75.31 

159.45 



1 

2 

39184. IS 
38883.58 

4d5p 

l/po 

3 

33336.74 


5s 5p 

ipo 

1 

44568.9 


4d 6s 

3i) 

1 

54955.6 

76.4 



2 

55032.0 



3 

55645.4 

613.4 

4d6s 

ID 

2 

55724.9 


5s 6s 


1 

58261.7 


Ubd 

IP 

3 

58533.0 


4d5d 

w 

1 

58719.7 

226.8 



2 

58946.6 



3 

59327.1 

428.6 

5p2 

zp 

0 

58775.7 

371.6 



1 

59147.2 



2 

59669.6 

522.4 

4d M 


3 

59178.9 

292.9 



4 

59471.8 



5 

59900.9 

428.6 

4d5d 


0 

59615.8 ? 


4d 5d 


1 

59715.4 



516 



YTTRIUM II 


y n 


{Concluded) 


Configuration 

Symbol 

J 

Term value 

A*; 

4d5d 

ID 

2 

60535.1 


4d 5d 


1 

61200.2 


U U 

3JP 

2 

61336.7 

313.8 



3 

61650.5 

283.6 



4 

61934.1 

5s 6s 


0 

61367.3 


5s 5d 

ID 

2 

62495.2 


4d5d 


4 

63350.0 


id 5d 

sp 

0 

64102.9 

159.8 



1 

64262.7 

334.4 



2 

64597.1 

58 5d 

«D 

1 

65131.5 

67.2 

86.3 



2 

65188.7 



3 

65275.0 

5p* 

'D 

2 

70223.2 
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YIII 


Z = 39 


37 electrons Is** 2s* 2p^ 3s* 3p« 3d“> 4s* 4p« U *I>h 

Ionization potential = 20.4 volts 

These terms are taken from a paper by Meggers and Russell. 
The absolute value of the lowest state is given as 165000 cm.~^. 

References 


I. S. Bowen and R. A. Millikan, Phys. Rev. 28, 923 (1928). 

W. F. Meggers and H. N. Russell, Bur. Stand. Joum. Res. 2, 736 (1929). 


Configuration 

Symbol 

J 

Term value 

Av 


W 

U 

2i 

0.0 

724.8 

724.8 

6s 

^S 

i 

7466.2 

. 


6p 

2po 

i 

l§ 

41401-2 

42964-7 

1553.5 

6s 

^S 

i 

86713.9 


5d 

w 

U 

88378.8 

198.3 



2i 

88577. 1 

4/ 

2po 

2b 3i 

101090.0 
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Znl 

30 electrons 


-Z = 30 

ls2 2s2 2p® 3s2 3p« 3dio 45^ % 


Ionization potential = 9.36 volts 

The classification of this spectrum can be found in Fowler 
and Paschen-Gotze, except for the p® configuration which has 
been discovered by Sawyer. 

The first table gives the low terms only; the next one the 
configuration; the others, the terms in series arrangement. 

Reference 


R. A. Sawyer, Vownt. Opt. Soc. Am. 13, 431 (1926). 


Configuration 

Symbol 


Term value 

Ap 



0 

7576G.8 


4s 4p 

Zpo 

0 

mbb.O 

189.8 

388.9 



1 

2 

43 m. 2 
42876.3 

4p 

ipo 

1 

msi.r 


5s 


1 

22094.4 


5s 


0 

19978.7 


bp 

Zpo 1 

0 

146 ID. 4 

26.7 



1 

144D2.7 

56.2 



2 

144S6.6 

4d 


2 

13308.6 


U 

m 

1 

12997.6 

3.4 

5.5 



2 

12994.2 



3 

12988.7 

bp 

ipo 

1 

12867.9 


6s 


1 

10334.4 
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O) cn 


Za I 


ZINC I 


{Concluded) 



SERIES* 
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ZING I Zn 


(Concluded) 


4s mp 

m 


zpo 


ipo 

4 

434.56.0 

43265.2 

48276.3 

29021 . 7 

5 

14S19.4 

144^2.7 

1 4436. 6 

12857.9 

6 

7695.8 

7686.0 

7664.9 

7160.6 

7 

4789.2 

4784.6 

4774.2 

4559.1 

8 

3270.2 

3267.6 

3262.0 

3141.7 

9 

2375.9 

2374.0 

2370.3 

2298.2 

10 




1755.5 


4s md 

m 

. ’.Di 


*D, 


4 

12997.6 

12994.2 

12988.7 

13308.6 

6 

7187.0 

7186.9 

7183.9 

7428.9 

6 

4663.3 

(Unresolved) 

4719.2 

7 

. 3138.7 



3276 

8 

2296.6 




9 

1749.9 




10 

1378.9 




11 

1116.3 




12 

911.6 




13 

707.6 ! 




14 

664.4 
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Zn II 


Z = 30 


29 electrons Is^ 2s^ 2p^ 3s^ 3p^ 3d^^ 4s 

First ionization potential = 17,89 volts 

The latest contribution has been made by Takahashi from 
whose paper this table has been taken. The numbered terms 
arise very probably from configurations involving the 3d® group. 
The first table gives the low terms only. The second table 
contains the remainder of the numbered terms and the other 
tables contain terms in series arrangement. The doublet separa- 
tions of the mf W terms are irregular. 


References 

Y. Takahashi, Ann, d. Physih. 3, 27 (1929). 
G. VON Salis, Ann. d. Physik. 76, 145 (1925). 


Configuration 

Symbol 

J 

Term value 

Av 

3^10 45 

28 


144890.23 


4p 

2 po 

i 

14 

96410.06 

956S6.52 

873.53 


2D 

2i 

82169.02 

-2719.06 



14 

79449.96 

5s 

28 

4 

56454.42 


4d 

2D 

24 

47982.20 

50.78 



14 

47931.42 

5p 

2po 

4 

AS5HB.S8 

245.08 



14 

4SS80.S0 

— 

r 

14 or 2i 

35076.96? 



2“ 

14 or 24 

S4S19.18 
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zmc II 


Zn II 
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Zn n 


ZINC II 


SERIES 


m'p 

m 

2PjO 


n 

96410.06 

9S5S6.6S 


43626.S8 

4 sm.so 


96002. m 

24931.66 

pi 

16266.17 

16219.03 


ms 

m 


4 

144890.23 

5 

$6454.42 

6 

30393.87 

7 

19011.64 

8 

13014.23 

9 

9468.07 


md 


m 


‘JDjj 

4 

47982.20 

47931.42 

5 

26922.39 

26898.19 

6 

17261.33 

17248.32 

7 

12010.17 

12003.03 

8 

8838.99 

8834.48 

9 

6777.03 1 

6773.82 


3d»4s2 



79449.96 

82169.02 


mf 


m 



4 

(Unres.) 

97898.04 

5 

17681 . 10 

17691.71 

6 

12287.28 

12262.08 

7 

8999.18 

9001.96 

8 

(Unres.) 

6885.07 


3(2^0 mg 

m 


5 

12207.29 

6 

8968.12 
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Zn III 


Z = 30 

ls2 2s2 3s2 3?}® 3dio 


28 electrons 

First ionization potential = 40 volts 

This classification is given by Laporte and Lang. The absolute 
value of the lowest state is about 320000 cm.”^ with respect to 
Zd? W of Zn IV. 

Reference 


0. Laporte and R. J. Lang, Phys. Rev. 30, 378 (1927). 


Configuration 

Symbol 

J 

Term 

value 

Av 

3^“ 


0 

0 


3<i®48 


3 

78105 

-1178 



2 

79283 

-1576 



1 

80859 

4s 


2 

83509 


4p 

Zpo 

2 

mm 

—2204 



1 

U0080 

-1321 



0 

mm 

4p 

Zpo 

3 

140664 




4 

141686 




2 

141B491 


4p 

8£)<» 

3 

144511 

-741 



2 

146m 

-2253 



1 

147606 

4p 

ipo 

1 

147577 


4p 


2 

147m 


4p 

1 


3 

145974 
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Zrl 


Z = 40 

ls2 2s2 22?® 352 3 dio 452 4^2 5^2 zp ^ 


40 electrons 

Ionization potential = 6.92 volts 

With the analysis by Kiess and Kiess, the arc spectrum of 
zirconium becomes one of the most completely known of the 
complex spectra. Nearly all the terms of the 5p configuration 

have been found including all of those based on the, two different 
terms of 4d^. In these tables of terms the higher of these 
basis terms has been written in square brackets to distinguish it 
from the lower. 

The absolute value of the lowest term 4^^ has been 

given as 56077 cm.”^ 

Reference 


C. C. Kiess and H. K. Kiess, Bur. Stand. Joum. Res. 6, 621 (1931). 


Configuration 

Symbol 

J 

Term 

value 

Ay 

4d2 5s2 

zF 

2 

3 

4 

0.00 

570.41 

1240.84 

570.41 

670.43 

4d2 5s2 

zp 

0 

1 

2 

4196.85 

4376.28 

4186.11 

179.43 

-190.17 

4d3 {^F) 6s 

zp 

1 

2 

3 

4 

5 

4870.53 
5023.41 
5249.07 

5540.54 
5888.93 

152.88 

225.66 

291.47 

348.39 

6s2 


2 

5101,68 


5s2 


4 

8057.30 


4^3 (4p) 5s 

5P 

1 

2 

3 

10885.36 

11016.65 

11258.38 

131.29 

241.73 
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ZIRCONIUM I 


Zr I 


{Continued) 


Configuration 

Symbol 

/ 

Term 

value 

Av 

4d3 {^F) 5s 

zF 

2 

3 

4 

11640.72 

11956.33 

12342.37 

315.61 

386.04 

4ds {H}) 5s 


3 

4 

12503.44 

12760.66 

257.22 

12.12 



5 

12772.78 

4d2 5s2 


0 

13141.76 


4d“ (^D) 6s 

3D 

1 

2 

3 

14123.01 

14348.78 

14697.03 

225.77 

348.25 

4d2 5s {^F) 6p 

iQo 

2 

3 

14783.54 

16201.26 

417.72 

619.10 

596.60 

661.33 



4 

6 

6 

15720.36 

16316.96 

16978.29 

4d’ (2ff) 5s 

HI 

4 

5 

6 

14791.28 

14988.61 

15119.66 

197.23 

131.15 

4d’ {^F) 6s 


2 

3 

4 

15146.48 

15457.40 

15699.86 

310.92 

242.46 

4d» (<P) 5s 

3P 

0 

— 




1 

— 




2 

15932.10 


4fP 6s (^P) 5?) 

apo 

2 

3 

4 

16296.51 

16843.93 

17556.26 

547.42 

712.33 

4d2 5s (V) 5p 

spo 

1 

2 

3 

4 

5 

16786.93 
17059.61 
17 m. 17 
17822.73 
18276.92 

272.68 

302.56 

410.56 

444.19 

4(i3 (2£>) 6s 

ID 

2 

17228.42 
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ZIRCONIUM I 


Zr I 


{Continued) 


Configuration 

Symbol 


Term 

value 

Av 

4d3 (2P) 5s 

3p 

0 

1 

2 

17321.62 

17069.82 

17142.72 

-261.70 

82.90 

4^2 5s {^F) 5p 

3jr)o 

1 

2 

3 

17m. 86 
17818.64. 
18848. S6 

383.78 

429.92 

4d3 (20) 5s 

K? 

4 

17762.73 


4d2 5s CD) 6p 

12)0 

2 

17511.78 


4d» (2R) 5s 


5 

18738.94 


4d» 6s (*F) 5p 

B2)o 

0 

1 

2 

3 

4 

18976.86 

19096.58 
19888.84 

19685.58 
19888.78 

120.17 

227.31 

301.74 

208.20 

4d2 5s (2P) 5p 

jpo 

0 

1 

2 

80888.97 

80519.80 

80466.88 

285.23 

-62.37 

4td* 

'D 

0 

21726.28 

74.93 

142.53 

201.57 

252.69 



1 

2 

3 

4 

21801.21 

21943.74 

22145,31 

22398.00 

4d2 55 (iF) 5p 

SQO 

3 

4 

5 

81849.88 
88144.08 

88568.89 

294.75 

419.81 

4d2 5s (2P) 5p 

3go 

1 

81974.18 


4d2 5s (2P) 5p 

12)0 

2 

88750.58 


4d2 5s (^D) 5p 

ipo 

3 

88868.02 


4d2 5s (*P) 5p 

82)0 

1 

2 

3 

88018.92 

88319.86 

88660.97 

300.94 

341.11 
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Configuration Symbol 


4d*6s(‘P)Sp 
4<i2 6s (<P) 5p 


2 mss. 06 


4d» W 6p 

4d» 6s CP) 6p "P” 

4d2 5s (*P) 6p 'P° 

4ds (<P) 6p ‘G’ 

4d» (<P) 6p ’0° 

4d» eU) 6p "P” 

4d“ 5s (“P) 6p '<?" 

4d“ 6s CD) 6p 'P“ 

4di‘ 6s (*P) 6p =I>° 

4d8 (‘P) 6p ’!>“ 


2 

3 mss. OS 

4 S4S76.3r 

2 S3597.47 

3 33567.13 

4 34003.30 

3 34387.63 

1 36489.87 

2 36646.97 

3 35898.16 

2 36630.48 

3 36971.71 

4 36S43.6S 

6 36766.66 

6 37314.89 

3 36739.96 

4 36011.66 

6 36433.73 


3 36336.97 

4 36931.36 

2 36061.70 

3 36443.88 

4 36938.43 

1 36164.13 

2 36667.31 

3 37111.16 

1 36903.46 

2 .se 

3 3^7483.36 
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ZIRCONIUM I 


Zr I 


{Continued) 


Configuration 

Symbol 

J 

Term 

value 

Av 

4d3 {2D) 5p 

1^0 

2 

mis. $8 


4d2 5s (‘P) 5p 

3pO 

0 

moo.u 

-27.72 

100.83 



1 

2 

27572.62 
27 67 S. 85 

4d2 5s {^F) 5p 

3F° 

2 

27876.16 

281.26 



3 

28157.42 

370.94 



4 

28628.36 

4d3 (2(?) 5p 

3^0 

4 

27908.28 




5 

S8ni.88 

303.64 



6 

m08.68 

396.80 

4<J2 5seP)6p 

sgo 

3 

4 

5 

88 Ji 04 ..m 

88749.80 

89001.65 

345.64 

261.85 

4<i» (‘P) 5p 


1 

2 

88446.98 
88695. OS 

148.11 



3 

28818.02 

222.99 



4 

89188.71 

304.69 



5 

89SS5.48 

412.77 

4(i“ 6s (SD) 5p 

apo 

0 

88638.75 




1 

88709.88 

77.13 



2 

88909.57 

199.69 

■W* 5s (“D) 6p 

3£)0 

1 

88800.51 

257.33 



2 

89057.84 



3 

89874.88 

216.98 

4d* 6s (2D) 5p 

ipo 

1 

88999.46 


4d2 (*P) 5j) 

6p)0 

0 

89588.07 




1 

89677.14 

89.07 



2 

89847.49 

170.36 



3 

S0087.3S 

239.84 



4 

30384.50 

297. 17 

4rf» (26) 5p 

1(^0 

4 

31050.48 


4(i» (2P) 5p 

3^0 

3 

31386.81 

367.71 



4 

31694.58 


1 

5 

38158.16 

457.64 
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ZIRCONIUM I 


Zr I 


{Continued} 


Configuration S 

ymbol 1 J 

Term 

value 

Ap 

4(2» 6 s (*i') 6 p 

3^0 1 

31850.77 


4d^ 5s (}P) 5p 

ip® 1 

3S733.80 


W (^f’) 6 p 

2 

33973.30 

219.56 


3 

33191.88 

496.37 


4 

33888.33 


Ad‘ (*/') 6 p 

1 

33113.80 


4 < 2 » (»I>) 6 p 

2 

33163.98 

256.49 


3 

33430.47 

138.87 


4 

33559.34 


4«1» (‘P) 6 p 

‘ 0 ° 0 

33349. 56 

95.31 


1 

33444 -87 

187.61 


2 

33633.48 

279.61 


3 

33913.09 

376.40 



34387.49 


4 < 1 » 6 s (»P) 6 p 

>D® 1 

33488.83 

277.30 


1 

1 33764.13 

475.70 



i 34339.83 


4d» 6 s (“<3) 6 P 


6 33839.30 


4d> ('•‘H) 6 p 

3//0 

4 34450.60 

265.30 



6 347 06. 90 

429.17 



6 36136.07 


4d» {*P) 6 p 

6p° 

1 34617.00 

144.62 



2 34761.63 

329.38 



3 35090.90 


4d» 1>/)1 6 p 


2 31)850.96 


4(fJ 6 s (*P) Os 

ip 

1 35046. 9J 

’ 163.35 



2 35210.3C 

• 265.77 



3 35476. O'! 

^ 384.76 



4 35860.85 

* 499.37 


1 

5 36360. 2( 

3 

4d'’ (*P) 6 p 

spo 

0 — 

1 36305.6 

^ 250.73 



2 85456.1 

6 
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Zr I 


ZIRCONIUM I 


{Continued) 


Configuration 

Symbol 

*/ 

Term 

value 

4ds 6s (“G) 6p 

spo 

2 

35514. SS 



3 

S580S.es 



4 

S6001.S5 

4£i» {m) 5p 

3JO 

5 

S5781.e7 



6 

sens. OS 



7 

seiss.86 

4^3 (4P) 

6^0 

2 

S6990.21 

4<i» (»D) 6p 

8J>o 

0 

Se034..B4 



1 

36498.10 



2 

S7008.40 

4(i“ (*P) 5p 

Sj[)0 

1 

sem.ie 



2 

S6S94.87 



3 

seszo.jfi 

4(i* 5s (SG) 5p 

IQO 

4 

S6SS6.48 

4d» [2D] 6p 

apo 

0 

36 538. n 



1 

S6970.es 



2 

S74SO.SS 

4i2 6s(2G) 6p 

apo 

4 

36608.41 



5 

86597.48 



6 

36840.59 

4£i2 [2D] 5p 

ipo 

3 

36759.90 

4d> (2G) 6p 


3 

36941.65 



4 

37329.54 



5 

S7422.se 

4d« (2G) 6p 

zpo 

2 

37123.42 



3 

37468.87 



4 

37920.96 

4i2 5s (<F) 6s 

zp 

2 

37459.60 



3 

37701.08 



4 

38101.09 

4d» (^P) 5p 

3£)o 

1 

38270.81 



2 

38326.72 



3 

38435.88 


Lv 


291.10 

195.72 


391.36 

-20.18 


454.56 

519.30 


169.71 

-74.42 


432.38 

479.58 


-10.93 

243.11 


287.89 

192.82 


345.45 

452.09 


241.48 

400.01 


4^3 {^F) Sp 


532 


55.91 
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ZIRCONIUM I 


Zjr I 


{Continued) 


Configuration 

Symbol 


Term 

value 


4^3 (2H) 5p 

I/O 

6 

S8475.82 


4^3 PD] 5p 

3/’0 

2 

3 

4 

38566.00 
38881.80 
39174, U 

315.80 

292.64 

4d[2 5s (2<7) 5p 

3D® 

3 

4 

6 

39389.29 

39934.14 

40178.44 

644.85 

244.30 

4^3 (2D) 52> 

Ipo 

1 

39704,10 


(*Z)) 6p 

3/>o 

1 

— 




2 

3 

39766.47 

40346.86 

679.88 

4(i2 (2D) 6p 

iF° 

3 

39803.73 


4d3 (»(y) 6p 

IJ/o 

5 

39865.22 


4ci2 5s CF) 5d 


3 






4 

6 

6 

7 

39936.70 

40637.06 

41443.63 

42086.82 

700.35 

806.48 

643.29 

4d 5s2 (2D) 6p 

8pO 

0 

1 

2 

40536.38 

40973.94 

41787.62 

437.66 

813.68 

4^2 (2^?*) 6p 

ID® 

2 

40567.66 


— 

^F 

1 






2 

— 




3 

4 

5 

40663.41 

40849.70 

41068.00 

196.29 

218.30 

4d2 5s CF) 5d 

«D 

2 

3 

4 

5 

6 

40660.66 

40887.61 

41179.30 

41638.23 

41940.86 

226.96 

291.69 

368.93 

402.63 
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Zrl 


ZIRCONIUM I 
{Concluded) 


Configuration 

Symbol 

/ 

Term 

value 


6p 

ipo 

1 

40931.60 


(}H) 5p 


4 

41319.96 


4d» (2/?) 5p 

3(^0 

3 

43103.56 




4 

43373.41 

169.85 



5 

43834.96 

662.55 

4(J« [2£>] Sp 

3£)0 

1 

43396.80 




2 

43433.65 

136.85 



3 

43799.30 

365.65 

4d> (2H) 6p 

Iffo 

5 

43309.39 


id 5s‘ (2Z)) 6p 

3^0 

2 

43706.00 




3 

43368.34 

662.24 



4 

43376.00 

7.76 

4d» (2P) 6p 

8^0 

1 

43183.96 


4^2 (sp) Sp 

3po 

0 

_ 




1 

44883.30 




2 

45017.13 

134.83 

4d’ (2P) Sp 

32)0 

1 

45405.30 




2 

45587.63 

182.32 



3 

45710.39 

122.67 

4d2 Sp* 


2 

45798.48 




3 

46195.15 

396.67 



4 

46641.42 

446.27 



5 

47134.50 

493.08 



6 

47698.29 

663.79 

4d» (*P) Sp 

ipo 

3 

43338.16 


4d 5s* (*i)) 5p 

32)0 

1 

47765.56 




2 

48133.64 

368.08 



3 

48713.44 

579.80 

4<i* 6s (*5) Sp 

ipo 


51899.40 
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Zr II Z = 40 

39 electrons Is^ 2s^ dp^Zd^^ 45^ ip^id^ 5s 

First ionization potential = 13.97 volts 

This quite complete classification has been given by Kiess 
and Kiess. It is interesting to note that all terms of the con- 
figuration 5p have been found. The absolute value of the 
lowest state is 113200 with respect to 4^^ Wz of Zr III. 


Reference 

C. C. Kiess and H. K. Kiebs, Bur. Stand. Joum. Res. 6, 1205 (1930). 


Configuration 

Symbol 

J 

Term value 

Ap 

4d^ i^F) 5s 

4,p 

li 

0.00 

314 67 



2i 

35 

314.67 

763.44 

448.77 

558.47 



45 

1322.91 


4P 

15 

25 

2572.21 

2896.06 

322.84 

404.69 



35 

45 

3299.64 

3757.66 

458.02 

id^ (i£») 6s 

W 

15 

4248.30 

257.20 



25 

4506.50 

4d2 (sp) 6« 

ip 

5 

6724.38 

387.32 



25 

6111.70 

4(^2 (3P) 5s 

2p 

25 

5762.92 

714.69 



35 

6467.61 

4(^2 (3P) 6s 

ip 

5 

7512.67 ' 

223.35 



15 

7736.02 

322.14 



25 

8058. 16 

4d» 


35 

7837.74 

315.06 



45 

8162.80 

4d^ 

ip 

5 

9563.10 

189.70 



15 

9742.80 

225.86 



25 

9968.65 


535 





Zr n 


ZIRCONIUM II 


{Continued) 


Configuration 

Symbol 

/ 

Term value 

Ap 



4i 

11984.46 

376.20 



5i 

12369.66 



U 

13428.50 

734.40 



2i 

14162.90 

4d2 (‘U) 6s 


3i 

14069.76 

130.69 



a 

14190.45 

4d« 


li 

14298.64 

434.73 



2i 

14733.37 

4(j 5s3 

2D 

li 

17614.00 

782.64 



2i 

18396.64 


up 

3i 

19433.24 

-81.60 



2J 

19514.84 

4kd^ 

2p 


19613.54 

466.76 



li 

20080.30 

4(i» (15) 6s 

2/Sf 


26201.67 


4rfi {>F) 6p 


2J 

S7983.8S 

955.21 



3J 

S8909.04 



4i 

298S9.87 

930.83 



6| 

80795.7^. 

956.87 

4(i» (if) 6p 

2po 

2i 

mOJi..97 

1056.78 



3i 

30681.76 

4di {>F) Bp 

Apo 

li 

29777.80 

773.88 



2i 

30661.48 



3i 

31249.28 

697.80 



4i 

31886.49 

617.21 

4di (IF) 6p 

2^0 

li 

30436.38 

724.66 



2i 

31160.04 

4<ii (li?) 6p 

<D® 


31981.26 

276.46 



li 

32266.71 



2i 

32614.71 

358.00 



3i 

32899.46 

284.76 
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ZIRCONIUM II 
{Continued) 


Zr n 


Configuration £ 

Symbol 

/ T 

1 

'erm. value 

Av 


4(i» (»P) 6p 

22)® 

li ' 

S2983.7S 

435.72 




24 

S3419.4B 



(’P) 6p 

2Q0 

3i 

SU85.43 

700.22 




4i 

35185.64 



4(i> (=P) 6p 

2^ 

i 

34810.03 



4d» OD) 6p 

2p«> 

li 

35914.81 

-281.76 




i 

36196.57 



4d» (’P) 6p 

42)® 


36S37.04 

401.46 




li 

36638.50 

632.72 




2i 

37171.33 

870.27 




34 

38041 .43 



4d 6s (»D) 6p 

4p® 

li 

36451.79 

417.21 




2i 

36869.00 

660.76 




3i 

37439.76 

1214.36 




4i 

38644-13 



4d» (H?) 6p 

2po 

2i 

37346-31 

441 .28 




3i 

37787.59 



4d> (’P) 6p 

4^0 

li 

37681.75 



4d 6s ("D) 6p 

4po 


38063.40 

70.10 




li 

38133.50 

349.14 




2i 

38483.64 



4d 68 (»I>) 6p 

42)® 


38934.37 

257.98 




li 

39193.35 

447.73 




2i 

39640.08 

698.47 




3i 

40338.55 



4d2 (>P) 6p 

2po 


f 40737.36 

610.10 




li 

f 41337.36 



4d® (*<?) 6p 

2(3(0 

3i 

i 40853.74 

: 26.61 




4i 

k 40878.36 



4d» OD) 6p 

22) 

° 1- 

i 41467. 7i 

1 209.10 



. 

2 

i 41676. 8i 


- 
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Zr n ZIRCONIUM II 


(Continued) 


Configuration 

Symbol 

/ 

Term value 

Av 

4^2 (1^) 5p 

2^0 


41738.21 

42409.93 

671.72 

4da (}D) 5p 

2 po 

3§ 

2J 

m04.11 

4^860. 7Z 

-356.61 

4d^ (*P) 5p 

4po 

li 

2i 

42789.24 

42893.64 

4S202.4S 

104.30 

308.91 

4d 5s (ID) 5p 

2D® 

U 

2i 

45054.87 

45186.06 

131:18 

4d2 (IS) 6p 

2po 

1§ 

i 

45 668. SI 
45944.00 

-375.79 

4d 6s (iR) 5p 

2po 

2| 

3§ 

47881.88 

43344:91 

463.03 

4d 5s (ID) Bp 

2pO 

§ 

li 

62685.80 

62876.80 

291.00 

4d 5s (8D) 5p 

2D® 

l§ 

2§ 

65836.63 

66669.44 

733.91 

4d5s (3D) 5p 

2po 

2i 

3i 

67062.00 

67741.16 

679.16 

4c? 5s (3D) 5p 

2po 

§ 

li 

60814.60 
61861 .90 

1047.40 

4£?2 (3/r) 6s 

4p 

li 

2i 

3i 

4i 

63602.64 

63868.45 

64368.28 

6490i.71 

265.81 

499.83 

533.43 

4d2 (siP) 6s 

2p 

2i 

3i 

65872.41 

66192.68 

320.27 

4(?2 (ID) 6s 

2D 

li 

2i 

66686.25 

66868.35 

182.10 

. 4c?2 (i(?) 6s 

2(? 

3i 

4i 

69116.70 

69283.38 

166.68 
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ziRCoisriuM ri 


Zr n 


{Concluded) 


Configuration 

Symbol 

j 

ferm value 

6.V 

4cd^ m 5d 


2i 

31 

73852.95 

74496.80 

643.85 

4dH’‘F) 6rf 


li 

2i 

3J 

4i 

74611.28 

75343.57 
76009.05 

76693.58 

732.29 

665.48 

684.53 

4d^ QG) 5d 

n 

5i 

6i 

76396.50 

76838.70 

443.20 

4(i2 (10) M 

m 

4i 

5i 

77743.00 

78280.90 

537.90 

4d^ m 5d ■ 


3i 

4i 

5^ 

6J 

78577.85 

78847.67 

78198.35 

79280.30 

269.82 

350.68 

81.95 

4d^ CG) 6d 


3i 

41 

79624.60 

80311.64 

686.94 

4d^ m Bd 

^0 

31 

41 

83221.46 

83547.46 

326.00 

4d'^ m M 

m 

41 

61 

90986.50 

91737.40 

760.90 
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Zr III 


Z 40 


38 electrons Is^ 2s^ 2p^ 3s^ 3p® 4??® 4^^ 

First ionization potential = 24.00 volts 

This classification has been taken from a paper by Kiess and 
Lang. The absolute value of the lowest state is 194400 cm.""^ 
with respect to 4d of Zr IV. 

Reference 

C. C. Kiess and E.. J. Lang, Bur, Stared. Joum. Rea. 6, 305 (1930). 


Configuration 

Symbol 

J 

Term 

value 

6.V 

4d2 

3jr 

2 

3 

4 

0.0 

682.5 

1486.8 

682.5 

804.3 



4 

2534 




2 

3392 




0 

3835 



»P 

0 

1 

2 

8061.4 

8326.8 

8840.0 

265.4 

513.2 

4d5s 

ID 

2 

16122.6 



»D 

1 

2 

3 

18398.6 

18802.5 

19533.2 

403.9 

730.7 

4d6p 

ID® 

2 

53170,0 



ipo 

1 

536Ji6.7 



ipo 

3 

54071.5 



spo 

2 

3 

4 

56554.9 

56074.7 

57681.4 

519.8 

1606.7 
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ZIRCONIUM III 


Zr in 


Configuration Symbol J 


666 13. 5 

66456.6 
67346. A 

6994B.6 

69697.6 
60366.4 


1 94767.3 


2 97462.0 

3 97430.7 

1 97879 

0 97918.2 

1 97912.6 

2 98697.0 

2 98068 

3 101443 


2 103839.6 

3 104471.7 

4 106688.3 


632.1 

1116.6 


3 104636.8 

4 106192.0 

6 106304.4 


666.2 

1112.4 


1 107309.3 

2 107817.0 

3 108313.0 

2 107631.5 


4 117814 
3 119636 

2 131466 
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Zr ni 


ZIRCONIUM III 


(flondvded) 


Configuration 

Symbol 

/ 

Term 

value 

Av 

4d4/ 

3QO 

3 

122016 

588 

400 



4 

imos 



6 

12SOOS 


spo 

0 

123392 

202 

362 



1 

123694 



2 

123966 


1£)0 

2 

126631 



ipo 

1 

127320 



ipro 

5 

130002 



32)0 

1 

131008 

510 

680 



2 

131618 1 



3 

132198 \ 


IQO 

4 

131406 



ipo 

3 

131736 
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Zr IV Z = 40 

37 electrons Is* 2s* 2p® 3s* 3p® Sd"-® 4s* 4p* 4d * 1)4 

Ionization potential = 33.8 volts 

This classification has been taken from a paper by Kiess and 
Lang. The absolute value of the lowest state is 274067 cm.-‘. 

Reference 


C. C. Kiesb and R. J. Lang, Bur. Stand. Joum. Res. 6, 305 (1930). 





Term 


Configuration 

Symbol 

J 

value 

Av 

4d 

2D 


0 

1250 



2i 

1250 

5s 

2/S 

4 

38258 


5p 

2po 

4 

81976 

2486 



14 

8U62 

5d 

2D 

14 

146650 

361 



24 

147001 

6s 

2/S 

4 

152509 


4/ 


24 

159068 

20 



34 

169088 

7s 

2/S 

4 

198840 
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Reprinted from the article by F. Paschen, Joum, Opt. Soc. Am. 16, 231 (1928) 


RYDBERG TERM TABLES 



644 




{Concluded) 


kydberg term tables 



54S 



Values of 4-109737. l/(m + aY and the differences between m and m + 1 


RYDBEEG TERM TABLES 



546 


0.45 208774.52 73127.60 36878.68 22166.32 14778.16 10551.00 7908.64 6147.52 4915.28 4019.60 3348.12 2831.88 2426.44 2102.30 0.45 

135646.92 36248.92 14712.36 7388.16 4227.16 2642.36 1761.12 1232.24 895.68 671.48 516.24 405.44 324.14 





647 


Table III 

Values of 9* 109737. l/(wi + a)* and the differences between m and m + 1 


RYDBERG TERM TABLES 



548 


0.45 408742.67 164537.10 82977.03 43874.22 33250.86 23739.75 17794.44 13831.92 11059.38 9044.10 7533.27 6371.73 5159.49 0.45 

303205.57 81560.07 33102.81 16623.36 9511.11 5945.31 3962.52 2772.54 2015.28 1510.83 1161.54 612.24 




RYDBERG TERM TABLES 
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Values of 16* 109737. l/(m + a)* and the differences between m and w + 1 


RYDBEKG TERM TABLES 
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RYDBERG TERM TABLES 
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ADDITIONAL BEFERENCES 

(hfs stands for hyperfine structure) 

A I RASMtrssBN, Zeits.f. Physik 76, 695 (1932). 

Ag I Wali Mohammad and Sharma, Indian Journ. Phys. 6, 75 (1931). 
hfs. 

ScHtJLER and Keyston, Naturwiss. 19, 676 (1931). hfs. 

A1 1 and II Paschen, Ann. d. Physik 12, 509 (1932). 

White, Phijs. Rev. 37, 1175 (1931). hfs. 

Tolansky, Zeits.f. Physik 74, 336 (1932). hfs. 

Shenstonb, Phys. Rev. 39, 415 (1932). 

A1 IV Soderqvist and Edl^sn, Zeits. f. Physik 69, 356 (1931). 

A1 V Soderqvist, Zeits.f. Physik 76, 756 (1932). 

As II Tolansky, Nature 129, 652 (1932). hfs. 

Rao, Proc. London Phys. Soc. 44, 343 (1932). 

As III Rao, Proc. London Phys. Soc. 43, 68 (1931). 

As IV Rao, Proc. Roy. Soc. A134, 604 (1932). 

Au I McLennan and McLay, Proc. Roy. Soc. A134, 35 (1931). 

Ritschl, Naturwiss. 19, 690 (1931). hfs. 

Au II Sawyer and Thompson, Phys. Rev. 38, 2293 (1931). Normal state. 
B II EdliSn, Zeits. f. Physik 73, 476 (1931). 

B III Edl6n, Zeits. f. Physik 72, 763 (1931). 

Ba 1 Shenstonb and Russell, Phys. Rev. 39, 415 (1932). 

Ba II Ritschl and Sawyer, Zeits.f. Physik 72, 36 *(1931). hfs. 

Kruger, Gibbs and Williams, Phys. Rev. 41, 322 (1932). hfs. 

Be I Paschen, Ann. d. Physik 12, 509 (1931). 

Bi II and III Green and Wulpp, Phys. Rev. 38, 2186 (1931). hfs. 

Bi IV, V, VI Arvidbson, Ann. d. Physik 12, 787 (1932). Also hfs. 

Br I Tolansky, Proc. Roy. Soc. A136, 585 (1932). hfs. 

Br II Bloch, Bloch and Lacroutb, Comptes Rendus 193, 232 (1931). 

C III Edl^n, Zeits. f. Physik 72, 559; 73, 476 (1931). 

Ca I Shenstonb and Russell, Phys. Rev. 39, 415 (1932). 

Ce IV Brunetti and Ollano, Zeits. f. Physik 76, 415 (1932). 

Cl I Murakawa, Zeits. f. Physik 69, 507 (1931). 

Tolansky, Zeits. f. Physik 73, 470 (1931). hfs. 

Cl II Tolansky, Zeits. f. Physik 74, 336 (1932). hfs. 

Gtlles, Com,ptes Rendus 194, 606 (1932). 

Co V Gilroy, Phys. Rev. 38, 2217 (1931). 

Cr I CatalXn and Sancho, Analcs Soc. Esp. Pis. Quim. 29, 327 (1931). 
Cr II Gilroy, Phys. Rev. 38, 2217 (1931). 

Cs I Jackson, Nature 127, 925 (1931). hfs. 

Koppermann, Naturwiss. 19, 675 (1931). hfs. 

ScHtJTz, Naturwiss. 19, 1007 (1931). hfs. 

Cs II Laporte, Miller and Sawyer, Phys. Rev. 39, 458 (1932). 

Cu I Green and Wulpf, Nature 127, 891 (1931). hfs. 

Shenstonb, Phys. Rev. 37, 1023 (1931), hfs; 39, 415 (1932). 
Ritschl, Naturiviss. 19, 690 (1931). hfs. 

Sambursky, Naturwiss. 19, 309 (1931). 
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ADDITIONAL REFERENCES 


F I and II Tola.nskt, Zeits. f. Physik 73, 470 (1931). hfs. 

Fe IV Gilrot, Phys. Rev. 38, 2217 (1931). 

Ga I Campbell and Bachbr, Phys. Rev. 38, 1906 (1931). hfs. 

Jackson, Zeits. f. Physik 74, 291 (1932); 76, 229 (1932). hfs. 

He I Gibbs and Kruger, Phys. Rev. 37, 1559 (1931), 

Hardy, Phys. Rev. 38, 2162 (1931). 

Hg I Shenstonb and Russell, Phys. Rev. 39, 415 (1932). 

Hg I and II Several papers on hfs are being published, the most complete 
ones are: 

Schuler and Keyston, Zeits. f. Physik 72, 423 (1931). 
Schuler and Jones, Zeits. f. Physik 74, 631; 76, 14 (1932). 
Hg II McLennan, McLay and Craweord, Proc. Roy. Soc. A134, 41 (1931). 
Vbnkatesachar and Subbaraya, Zeits. f. Physik 73, 412 (1931). 
Ricard, Comptes Rendus 194, 781 (1932). 

I I Evans, Proc. Roy. Soc. A133, 417 (1931). 

Tolansky, Proc. Roy. Soc. A136, 585 (1932). 

I III Seth, Nature 127, 165, (1931). 

In I Campbell and Bachbr, Phys. Rev. 38, 1906 (1931). hfs. 

Jackson, Nature 127, 924 (1931). hfs. 

. Narayan, Nature 128, 675 (1931). hfs.. 

In II Lang and Sawyer, Zeits. f. Physik 71, 453 (1931). 

McLennan, Allin and Hall, Proc. Roy. Soc. A133, 333 (1931). hfs. 
Kr I Gremmer, Zeits. f. Physik 73, 620 (1931). 

Rasmussen, Zeits. f. Physik 73, 779 (1931). 

Meggers, De Bruin and Humphreys, Bur. Stand. Journ. Res. 7, 643 
(1931). . ' 

Humphreys, Bur. Stand. Journ. Res. 7, 453 (1931). hfs. 

Kr IV Acharya, Ind. Journ. Phys. 6, 35 (1931). 

Li II Breit and Doermann, Phys. Rev. 36, 1732 (1930). hfs. 

Lu I, II, III Meggers and Scribner, Bur. Stand. Journ. Res. 6 , 73 (1930). 

King, Astroph. Journ. 74, 328 (1931). hfs. 

Mg I Paschen, Ann. d. Physik 12, 509 (1932) and Sitz. Ber. Preuss. Akad. 
32, 709 (1931). 

Murakawa, Zeits. f. Physik 72, 793 (1931). hfs. 

Mg IV SoDERQViST, Zeits. f. Physik 76, 756 (1932). 

Mn III Gilroy, Phys, Reu. 38, 2217 (1931). 

N I Kruger and Gdbbs, Phys. Rev. 37, 1702 (1931). hfs. 

N IV Edl^n, Zeits. f. Physik 73, 476 (1931). 

Nal Schuler, NaturuAss. 16, 512 (1928). hfs. 

Frisch and Ferchmin, Naiurwiss. 18, 866 (1930). hfs. 

Na II Frisch, Zeits. f. Physik 70, 498 (1931). Also hfs. 

Na III SoDERQViST*, ZeUs. f. Physik 76, 316 (1932). 

Ne I Murakawa and Iwama, Sd. Paper Inst. Phys. Chem. Res. Tokyo 16. 
256 (1931). Zeeman effect. 

Hardy, Phys. Rev. 38, 2162 (1931). 

M VI Gilroy, Phys. Rev. 38, 2217 (1931). 

O II Gillbs, Comptes Rendus 194, 606 (1932). 

O III Gilles, Comptes Rendus 193, 584 (1931). 

O V Edl:6n, Zeits. f. Physik 73, 476 (1931). 
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ADDITIONAL REFERENCES 


P I Kiess, Bur. Stand. Journ. Res. 8, 393 (1932). 

P II Tolansky, Zeits.f. Physik 74, 336 (1932). hjs. 

P III and IV Bowen, Fhys. Rev. 39, 8 (1932) . 

Pb I and II Several papers on hfs^ the most complete ones are: 
Kopfermann, Zeits. /. Physik 76, 363 (1932). 

ScHtlLBR and Jones, Zeits. f. Physik 75, 563; 76, 14 (1932). 
Rose and Granath, Phys. Rev. 40, 760 (1932). 

Pb III Green and Loring, Phys. Rev. 40, 883 (1932). Zeeman effect. 

Pr White, Phys. Rev. 34, 1397 (1929). hfs. 

Ra I and II Albertson, Phys. Rev. 39, 385 (1932). 

Rb I Ramb, Ann. d. Physik 10, 311 (1931). 

Meissner and Masaki, Ann. d. Physik 10, 326 (1931). 

Filippov and Gross, Naturwiss. 17, 121 (1929). hfs. 

Jackson, Nature 128, 34 (1931). hfs. 

Rb II Laporte, Miller and Sawyer, Phys. Rev. 38, 834 (1931). 

Rb IX Mack, Phys. Rev. 38, 193 (1931). 

Re I Meggers, Bur. Stand. Journ. Res. 6, 1027 (1931). 

Zeeman, Gisolf and De Bruin, Nature 128, 673 (1931). hfs. 
Meggers, King and Bacher, Phys. Rev. 38, 1268 (1931). hfs. 

S II Gilles, Comptes Rendus 194, 606 (1932). 

S IV and V Bowen, Phys. Rev. 38, 8 (1932). 

Sb I Charola, Physik. Zeits. 31, 457 (1930). 

Green and Loring, Phys. Rev. 38, 1289 (1931). 

Sb II Dhavale, Proc. Roy. Soc. A131, 109 (1931). 

Lang, Phys. Rev. 39, 538 (1932). 

Sb III Rao, Proc. Roy. Soc. A133, 220 (1931). 

Sb IV and V Badami, Proc. London Phys. Soc. 43, 538 (1931). 

Se I Gibbs and Ruedy, Phys. Rev. 40, 204 (1932). 

Se III Badami and Rao, Nature 128, 496 (1931). 

Se IV and V Rao and Badami, Proc. Roy. Soc. A131, 154 (1931). 

Si II and III Bowen, Phys. Rev. 39, 8 (1932). 

Sn I Randall and Wright, Phys. Rev. 38, 457 (1931). 

Murakawa, Zeits.f. Physik 72, 793 (1931). hfs. 

Sn III Green and Loring, Phys. Rev. 38, 1289 (1931). 

Sn IV Lang, Proc. Nat. Acad. Sd. 16, 414 (1929). 

Te IV, V and VI Rao, Proc. Roy. Soc. A133, 220 (1931). 
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PHYSICAL CONSTANTS* 


Velocity of light 
Electronic charge 
Mass of electron 
Mass of proton 
Planck’s constant 
Boltzmann constant 

Unit of angular momentum 
Bohr magneton jtxo = 


c = (2.99796 ± 0.00004) • cna./scc. 
e = (4.770 ± 0.005) • 10-i« abs. e.s.u. 
mo = (9.035 ± 0.010) • lO"®® g. 

M = (1.6609 ± 0.0017) • IQ-^^ g. 
h = (6.547 ± 0.008) • lO'^^ erg • sec. 
k = (1.3709 ± 0.0014) • lO-i® erg/deg. 

A = (1.0420 ± 0.0013) • 10--27 erg -sec. 

Zir 

= (0.9175 ± 0.0013) • 10““ erg/gauss 

47rmoC 


Specific electron charge — = (1.761 ± 0.001) • 10’ abs. e.m.u./g. 

Hydrogen radius ao = 7 -i — = (0.5285 ± 0.0004) • 10“® cm. 
Compton wave length = (2.437 ± 0.005) • 10“^° cm. 

ITine structure constant a = = (7.284 ± 0.006) • 10“® 

- « 137.29 ± 0.11 

a. 

Rydberg constant ' ” 109737.42 ± 0.06 cm.“^ 

R^a^ = 5.822 ± 0.009 cm.“i 
M 

Ratio of masses — = 1838 ± 1 

mo 

ENERGY CONVERSION FACTORS 


hcv = eV • 10®/c = kT = ergs 



V 

V 

T 

Ergs 

Wave numbers v 


1.2336-10-4 

1.4318 

1.063 • 10-18 

Electron volts V 

8106 


1.161 • 104 

1.591 • 10-12 

Absolute temperature T 

0.6984 

8.616 • 10-« 


1.371 • 10-10 

Ergs 

6.094 • 10“ 

6.294 ■ 1011 

7.294 • 1015 



Use of Table . — If the energy is given in electron volts multiply by 8106 
to obtain it in wave numbers. 

R ' he — 109737.42 cm.“^ • he = 13.54 electron volts • e ■ 10®/c = 15700 
deg. abs. • k. 

kT at T = 293 deg., equals 204.6 cm.“^ • he and 0.02524 electron volts ■ e * 
10®/c. 

moc® = 511,120 electron volts • e ■ W/c = 4.137 ■ 10® cm."^ • he. 

Mc^ = 9.3957 • 10® electron volts. 


* From the compilation of R. T. Birge, Phys. Rev. Suppl. 1, 1 (1929). 
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